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FOREWORD 

This work w a s  performed by the  Microelectronics Center 
of T R W  Systems Group, TRW Inc., One Space Park, 
Redondo Beach, California,  under NASA Contract No. 
NAS9-4640, "Microminiature Signal* Conditioner . I '  

repor t  coveFs work conducted fro&&uly, 1965 through 
March, 196T@nd is i d e n t i f i e d  a s  Report No. 05183- 
6003-ROO0 by the  Contractor. Members of the  Technical 
S t a f f  include D. R. Breuer, Pro jec t  and Design Engineer, 
and J. L. Buie, Head, Microelectronics Research and 
Development Section. 
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1. INTRODUCTION 

1.1 GENERAL DESCRIPTION 

This report describes the work performed under contract NAS9-4640 to 

develop an 

a. ultra-low-dr ift mono1 ith ic instrumentat ion amp1 if ier, 
and a 

b. microelectronic power source. 

The differential amplifier serves as a basic building block in the advanced 

microelectronic space telemetry system developed under contract NAS9-5293. 

This compatible monolithic low-level amplifier offers characteristics com- 

petitive with state-of-the-art discrete component chopper amplifiers. For 

instance, the circuit provides ultra-low dc offset drifts (from 0.1 to 

0.5 pV/OC referred to the input, over -35 C to +95 C temperature range), 

high voltage gain, high input impedance, and high common-mode rejection. 

The switching problems associated with chopper amplifiers are, however, 

absent. This direct-coupled amplifier stabilizes rapidly with gated supply 

power, allowing power to be sequentially applied in an application such as 

the Power Programmer system developed under contract NAS9-5293. 

0 0 

Development of this amplifier was begun under contract NAS9-3410 and 

completed under the contract being reported, NAS9-4640. 

configuration of six monolithic compatible integrated circuit die, plus 

MOS roll-off capacitors, was reduced to two monolithic integrated circuit 

die plus capacitors under NAS9-4640. This increases the reliability and 

economic producibility of the circuit. 

The NAS9-3410 

The microelectronic power source was developed under NAS9-4640. 

This function converts a 22 to 32 volt battery input into three regulated 

voltages, a 10.000 2 0.050 volt transducer excitation and a 5 15 volt 

1-1 



ampl i f i e r  supply.  

i s o l a t e d  power conver te r  and t h r e e  monoli thic  d i e l e c t r i c a l l y  i s o l a t e d  

compatible i n t e g r a t e d  c i r c u i t  pos t  vo l t age  r e g u l a t o r s .  

The power source includes a microminiature t ransformer-  

Hardware shipment includes:  

a .  Five (5) i n t e g r a t e d  c i r c u i t  ampl i f i e r s ,  gain of 1,000, 

b. Five (5) i n t e g r a t e d  c i r c u i t  ampl i f i e r s ,  gain of 50, 

c .  Five (5) micromininiature  power sources ,  and 

d .  One (1) module t es t  u n i t .  

1 . 2  SPECIFICATIONS 

The con t r ac t  s p e c i f i c a t i o n s  are included i n  Appendix A. Addit ional  

ampl i f i e r  s p e c i f i c a t i o n s  and a p p l i c a t i o n  notes  are provided i n  Appendices 

B and C, r e s p e c t i v e l y .  Test d a t a  i s  included i n  Sec t ion  5. 

1-2  



2. AMPLIFIER 

2.1  DESIGN PRINCIPLES 

2.1.1 General 

The fol lowing techniques are used t o  produce t h e  monol i th ic  ampl i f i e r  

s p e c i f i e d  by t h i s  c o n t r a c t .  

a .  The performance s p e c i f i c a t i o n s  of t h e  a m p l i f i e r  developed under 
t h i s  c o n t r a c t  demand prec iseness  of t he  fol lowing c h a r a c t e r i s t i c s .  

1) Gain accuracy (0.2% i n i t i a l  s e t t i n g )  

2) Common-mode r e j e c t i o n  (100 dB a t  dc) 

3)  DC o f f s e t  (10 pV r e f e r r e d  t o  inpu t )  

4 )  DC o f f s e t  temperature d r i f t  (0.2 pV/'C r e f e r r e d  t o  inpu t )  

The s tandard  monoli thic  i n t e g r a t e d  c i r c u i t  approach of  s e l e c t i n g  
d i e  t o  meet a given cri teria is  c l e a r l y  inadequate,  due t o  t h e  
degree of accuracy r equ i r ed  s imultaneously i n  four  parameters.  
Pos t - f ab r i ca t ion  adjustment of r e s i s t o r  va lues  is necessary,  i n  
a d d i t i o n  t o  d i e  s e l e c t i o n ,  t o  a d j u s t  t h e  ampl i f i e r  performance i n  
each of t h e  s t a t e d  parameters.  (See Sec t ion  4 . )  

b. The compatible i n t e g r a t e d  c i r c u i t  s t r u c t u r e ,  which incorpora tes  
cermet t h i n  f i l m  r e s i s t o r s  evaporated on a semiconductor s u b s t r a t e ,  
i s  r equ i r ed  t o  provide t h e  r e s i s t o r  s t a b i l i t y  d i c t a t e d  by t h e  
performance s p e c i f i c a t i o n s .  (See Sec t ion  4 . )  

c. Overall emitter feedback i s  requi red  t o  a l low t h e  s p e c i f i c a t i o n s  
of high closed-loop ga in  (lOOO),ohigh input  impedance (50 K ohms), 
and low dc o f f s e t  d r i f t  (0.2 pV/ C r e f e r r e d  t o  input )  t o  be 
s imultaneously m e t .  (See Sec t ion  2.1.2.)  

d .  A s p e c i a l  d r i f t - o f f s e t  con t ro l  c i r c u i t  i s  used t o  compensate f o r  
t h e  inhe ren t  o f f s e t  and d r i f t  of t h e  ampl i f i e r  and s imultaneously 
maintain h igh  common-mode r e j e c t i o n .  (See Sec t ion  2.1.3.) 

2.1.2 Basic Amplif ier  

Overall nega t ive  feedback from t h e  output  back t o  t h e  e m i t t e r  of t he  

input  t r a n s i s t o r s ,  as shown i n  F ig .  2-1, o f f e r s  ga in  accuracy, l o w  dc  d r i f t ,  
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- "0 

'OA 

"OB 

Fig .  2-1. Overall E m i t t e r  Feedback 

r------- 1 

Fig .  2-2. D i f f e r e n t i a l  Equivalent 
C i r c u i t  
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minimum scurce  dependence, high input  impedance, and l o w  output  impedance. 

This emi t t e r - type  feedback is t h e r e f o r e  p re fe r r ed  f o r  t h i s  a p p l i c a t i o n .  

This  choice of o v e r a l l  feedback is  bes t  understood by examining t h e  

compliment connection, base-type feedback, which is t y p i c a l l y  used f o r  

opera t iona l  a m p l i f i e r s .  It is  unacceptable  i n  t h i s  d i rec t -coupled  

ampl i f i e r  a p p l i c a t i o n  because of t h e  high input  impedance and low dc  d r i f t  

s p e c i f i c a t i o n s .  

Assuming a p e r f e c t l y  balanced, symmetrical conf igura t ion ,  a 

d i f fe ren t ia l -mode  equiva len t  h a l f  c i r c u i t '  can be drawn, as i n  Fig.  2-2, 

t o  i l l u s t r a t e  

s epa ra t e  from 

V 

V 
- - -  0 

i 

R E =  where 

t h e  d i f fe ren t ia l -mode  performance. The input  s t a g e  is  shown 

t h e  remaining p o r t i o n  of t h e  ampl i f i e r .  Analysis  y i e l d s  

R -I- ri 
S 

rE B 

2 m i t t e r  d i f f u s i o n  resistance of input  t r a n s i s t o r s ,  

source impedance, 

base spreading r e s i s t a n c e ,  

5 
RE 

2 x - x A, and 

open loop ga in  exc lus ive  of input  s t a g e  gain 

'R. D. Middlebrook, D i f f e r e n t i a l  Amplif iers  (John Wiley and Sons, Inc. ,  
New York) 

2 -3 



If A is  very  la rge ,  t h e  c losed  loop ga in  becomes T 

v R + R 2  1 - O h l  

R2 v -  i 

For non-negl ig ib le  A t h e  c losed  loop vo l t age  ga in  expressed by Eq. 2-1  

dev ia t e s  from t h e  i d e a l  gain expressed by Eq. 2-8, by the  fol lowing per -  

T' 

centage e r r o r  

V O (% e r r o r  i n  -->= - 
vi A~ 

x [ R1 R2 + R2 +;] x 100. 

Note t h a t  the source impedance, RSI does not  appear i n  Eq. 2-8, but 

Examination of t h i s  only w i t h i n  R 

l a t t e r  equat ion  reveals t h a t  a v a r i a t i o n  i n  R 

c losed  loop gain.  S u b s t i t u t i o n  of Eq. 2-2 and Eq. 2-6 i n t o  Eq, 2-9 provides  

i n  t e r m s  of R and i s  given as an express ion  f o r  t h e  % e r r o r  o f -  

and AT i n  t h e  e r r o r  term of Eq. 2-9. E 

has a n e g l i g i b l e  e f f e c t  on &he S 

V 
0 

S J  v, 

R + R 2  
+ RS 1 V 

V 
(% e r r o r  i n  2) = [&p x 

i R2 

r '  B R 1 + R 2  r E R 1 + R 2  

a B 5 A  R2 R2 

V 

V 
0 The change i n  t h e  % e r r o r  o f -  f o r  a change i n  source r e s i s t a n c e  is  then  

given by 
i 

1 
V i 

L 1 

(2-11) 

S u b s t i t u t i n g  t h e  fo l lowing  va lues  i n t o  Eq. 2-11 
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nRs = 1000 ohms v a r i a t i o n  

a = 0,98 

B = 50 

% = 50,000 ohms 

A 2 5000 

R + R 2  
= 1000 1 

R2 

y i e l d s  
V 

V 
A(% e r r o r  i n  2) = O.OI%, 

i 
(2-12) 

a n e g l i g i b l e  q u a n t i t y  f o r  the case considered. 

Also note  t h a t  t h e  emitter cu r ren t  level of t h e  input  t r a n s i s t o r  p a i r  

a f f e c t s  t h e  c losed  loop ga in  only as t h e  emitter d i f f u s i o n  r e s i s t a n c e  a f f e c t s  

t h e  open loop gain, assuming 

(2-13) 

This  is  ev ident  from t h e  t h i r d  t e r m  of Eq. 2-10. 

The i d e a l  closed-loop ga in  expressed i n  Eq. 2-8 is not  simply t h e  r a t i o  

of two impedances, as i n  t h e  case of base feedback wi th  n e g l i g i b l e  source 

impedance. Consequently, emitter feedback does not  lend i t s e l f  w e l l  t o  

producing ope ra t iona l  func t ions  such as in t eg ra t ion ,  d i f f e r e n t i a t i o n ,  summing, 

etc.  Also from Eq. 2-8, t h e  closed-loop ga in  must always be g r e a t e r  t han  

one. 
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With r e spec t  t o  the  amplif ier  conf igura t ion  of Fig.  2-1, t h e  common- 

mode r e j e c t i o n  f a c t o r  defined a s  the  r a t i o  of t he  common-mode (CM) input  

t o  the  different ia l -mode (DM) input vol tage t h a t  gives r i s e  t o  t h e  same 

output vol tage is  s t a t e d  f o r  d i f f e r e n t i a l  and single-ended outputs  as 

m r - -  Add 

Adc 
( for  d i f f e r e n t i a l  output) 

(for single-ended output) (Add i- Acd) 

(Act Adc) 
m =  

where Table 2-1 def ines  components. 

I Add D i f f e r e n t i a l  input t o  d i f f e r e n t i a l  output gain I 
I A 5 Common-mode input t o  common-mode output gain 

5 Common-mode input t o  d i f f e r e n t i a l  output gain 

= D i f f e r e n t i a l  input t o  common mode output gain 

Adc 

Acd 

(2-14) 

(2-15) 

TABU 2-1. AMPLIFIER GAIN COMPONENTS 

Note that  Add and Acc a r e  d i r e c t  gain t e r m s ,  and A 

coupled gain terms caused by c i r c u i t  unbalances. 

c i r c u i t  was pe r fec t ly  balanced, Acd and Adc would be zero. 

inequal i ty  is t y p i c a l l y  found i n  prac t ice ,  

and Adc a r e  cross- cd 

I f  every parameter i n  the  

The following 

Add (Add + Acd) 

Adc (Act + Adc) 
->  (2-16) 

However, the ampl i f ie r  spec i f i ca t ion  being considered requi res  a high 

f a c t o r  f o r  a single-ended output. 
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Fig.  2 - 3 .  Overall E m i t t e r  Feedback with 
One Output Grounded 

The high value of CMR expressed i n  Eq. 2 - 1 4  can be r ea l i zed  f o r  

single-ended output with the  feedback connection shown i n  Fig.  2 - 3 .  One 

output i s  grounded s o  t h a t  t he  d i f f e r e n t i a l  and single-ended output vol tages  

are i d e n t i c a l .  The high CMR f a c t o r  expressed i n  Eq. 2-14  now app l i e s .  

I n  p rac t i ce ,  t he  same CMR performance i s  obtained by only grounding t h e  

1 feedback r e s i s t o r ,  a s  shown i n  Fig.  2 - 4 ,  with  S i n  pos i t i on  one. Note, i n  

' t h i s  configurat ion,  the  e f f e c t i v e  open-loop ga in  is  equal t o  one-half the  

d i f f e r e n t i a l  ga in  of t he  open-loop ampl i f ie r .  
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Fig .  2 - 4 .  Single-Ended Amplifier wi th  
Overal l  E m i t t e r  Feedback 

I f  SI of Fig.  2-4 i s  i n  p o s i t i o n  two, t h e  quiescent  output vo l tage  

(zero d i f f e r e n t i a l  input  vol tage)  becomes Eo. 

e s s e n t i a l l y  independent of ga in  s e t t i n g ,  thereby providing a convenient 

means f o r  in t roducing  t h e  accu ra t e  f2.5 v o l t  o f f s e t  which is spec i f i ed .  

This output o f f e s t  i s  

The e f f e c t s  of some important c i r c u i t  unbalances w i l l  be examined by 

analyzing t h e  c i r c u i t  of Fig.  2-5. This s impl i f i ed  conf igura t ion  does not  

.ACI *de a common-mode c i r c u i t  source i n t o  t h e  input  s t a g e  emitters and i t  

assumes a zero  source impedance. It is  adequate f o r  sake of d i scuss ion .  
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Figure 2-5 .  Overall  Feedback Equivalent 
C i rcu i t  
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The terms v 

the emitter-base voltages of t h e  input stage.  

and viB include the external  input s igna l  i n  addi t ion i A  

Writing c i r c u i t  equations for t h e  configuration of Fig. 2-5 y ie  

t o  

ds  : 

7 

re: Eo [ %%B (%ARIA 2R2%A 2R2R1A) - aA%A (RIA%B)] 

R R  V i A  [ "B%B 1 A  1 B  + aA%A (REBRIB %BRIA "1A"lB 

1 r 

Note t h e  s i m i l a r i t y  of t h e  coef f ic ien ts  of vo and Eo. 

parameters a re  equal , 
I f  a l l  symmetrical 

v = Eo J 
0 l v  i a  = v  i b  

(2-18) 

which states t h a t  t h e  output voltage i s  equal t o  the o f f s e t  voltage, Eo, for  

zero d i f f e r e n t i a l  input signals.  

I f  the  following parameters are assumed equal, 

(2-17) 

(2-19) 

(2-20) 

(2-21) 

Eq.  2-17 reduces t'o 
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vo [ 2R2 (RIB %?] 

Eo [ 2R2 (RIA + %I] 
r 1 

1A and RIB’ which shows the effect of unbalances in R 

The following equations define the equivalent common-mode input 

Vd ’ signal, v and the equivalent differential-mode input signal, 
C’ 

v + v  iA iB 
2 

v r  
C 

v - v  - iA iB 
2 v =  d 

Eq. 2-23 and Eq. 2-24  yield 

v = vc + Vd iA 

v = v  - v  iB c d 

( 2 - 2 2 )  

( 2 - 2 3 )  

( 2 - 2 4 )  

( 2 - 2 5 )  

(2-26) 

Substituting Eq. 2-25 and Eq. 2-26 into Eq. 2-22  yields 

vo [ R2 (RIB !E)] = Eo [ R2 (RIA + %)] 

vc [ R2 (RIB - RIA)l 
r 1 

For the case of v = V d = O  
C 
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(2-28)  

This indicates  t h a t  Eo must be adjusted t o  give a precise amplifier output 

of fse t ,  for  a fixed set of c i r c u i t  parameters, i.e., typ ica l ly  vo f Eo 

because RIA # RIB. For the case of vc = Eo = 0, 

vo = Vd 
-!- R2 + R I B  4- R2 R I A  % ]  

R2 R2 X R I B  -!- % 

I f  the second term of t h i s  equation i s  rewr i t ten  

RIA -!- % R I B  R2 

R2 [ R I B  %] 

it can be seen t h a t  i f  RIB >> 
vO 

Va 
- is  primarily determined by 

For the case of v = on R 1B' d 

0 = v~ [ R I B  - 

R and R >> %, which i s  typ ica l ly  true,  2 1 B  
RIA and R2, and has anly a s l i g h t  dependence 

E 0 = 0, 

This equation shows t h a t  an output due t o  a common-mode input can be made 

equal t o  zero by s e t t i n g  RIA = RIB. 

considerably more complicated than t h i s  equation i m p l i e s .  

the  complete amplifier has many unbalances which degrade the CMR, 

output can not be made zero, but can only be minimized. 

s e l e c t i n g  the proper r a t i o  of R 

However, i n  r e a l i t y  the case is  

For instance, 

The 

This i s  done by 

and RIB t o  compensate for  a l l  of the 1A 

other accumulated unbalances i n  the amplifier. Normally RIA # RIB for 

optimum CMR, 

(2 -29)  

(2 -30)  

(2-3 1) 
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I n  summary of Eq's. 2-28, 2-29, and 2-31, t h e  r e s u l t i n g  procedure 

f o r  a d j u s t i n g  t h e  ampl i f i e r  is:  

1. Adjust  RIA f o r  p r e c i s e  ga in  (Eq. 2-29), then  

2 .  Adjust  R f o r  optimum CMR (Eq. 2-31), and then  1 B  

3 .  Adjust Eo f o r  p r e c i s e  ampl i f i e r  output  o f f s e t  (Eq. 2-28). 

Overall emitter feedback inhe ren t ly  provides  high input  impedance and 

low output  impedance. From s tandard  feedback ana lys i s ,  t h e  input  imped- 

ance i s  given as :  

where 

'if = Z .  1 (T + 1) 

open loop ga in  N ATR2 T =  
c losed  loop ga in  - R1 + R2 

9 input  impedance wi th  o v e r a l l  feedback 

Z .  = input  impedance without  o v e r a l l  feedback 

'if 

1 

Analysis of t h e  equiva len t  c i r c u i t  of Fig.  2-2 y i e l d s  

which agrees  wi th  Eq. 2-32. 

Also from s tandard  feedback ana lys i s ,  t h e  output  impedance is  given 

as 
0 

Z - 
'of - (T + 1) 

output  impedance wi th  o v e r a l l  feedback zof where 

Z = output  impedance without  o v e r a l l  feedback 
0 

(2-32) 

(2-33) 

(2-34) 

(2-35) 

(2-36) 

(2-37) 

(2-38) 

(2-39) 

2R. D .  Middlebrook, "Design-Oriented Analysis of Feedback Amplif iers ,"  
Nat ional  E lec t ron ic s  Conference, 19 October 1964 
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The predominant d r i f t  components of a d i f f e ren t i a l  amplifier a re  

generated i n  the input stage and are  primarily due t o  c i r c u i t  parameter 

unbalances. 

(and give i n f i n i t e  common-mode re jec t ion) ,  

input stage d r i f t  a r e  d i f f e ren t i a l s  ex is t ing  between the  base-emitter 

voltages, current gains, and leakage currents of the input t r ans i s to r  

pair .  Each component i s  poten t ia l ly  non-linear with temperature; however, 

w i t h  proper design techniques, they can e i the r  be l inearized or  minimized. 

The perfect ly  balanced c i r c u i t  would develop zero d r i f t  

The main contributors t o  

The d i f f e ren t i a l  collector-base leakage currents flowing through the 

source resis tance develop the most non-linear d r i f t  component, for it is  

proportional t o  the difference of t w o  t e r m s  which increase exponentially 

with temperature. The s i l i con  planar diffused t r ans i s to r s  of the present- 

day integrated c i r c u i t  exhibit  room temperature leakage currents of about 

0.lna. 

ature, t h i s  current increases t o  (0.lna) x 2’ a t  +lOO°C, which is  l e s s  

than 15na. For the 350 ohm f loa t ing  source configuration, the error  a t  

Assuming a doubling relat ionship with every 8Oc r i s e  i n  temper- 

c - 
+lOO°C is  350 (0.1 + AIcBo) x 2’ - (0,l) x 2 nv, where AICBO i s  the L ’ J  
collector-base leakage current difference ( in  nanoamperes) of the two input 

t rans is tors  a t  room temperature. This e r ror  i s  normally less than 2 o r  3pv 

and can be neglected. 

used, t h i s  d r i f t  term would have made the amplifier an impossibility.) 

(Note, however, t ha t  i f  overal l  base feedback was 

The most s ign i f icant  source dependent d r i f t  term is due t o  d i f f e r -  

en t i a l  base currents, caused by unequal t r ans i s to r  current gains which 

increase somewhat l inear ly  with temperature. Assuming constant col lector  
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curren ts ,  t h e  base c u r r e n t s  decrease wi th  inc reas ing  temperature.  The 

vo l t age  e r r o r  i s  d i r e c t l y  p ropor t iona l  t o  t h e  source r e s i s t a n c e  and i s  

minimized by: 

1. Designing t h e  input  s t a g e  t o  ope ra t e  a t  very low c o l l e c t o r  
cu r ren t  levels, 

2. 

3 .  Maximizing t h e  be t a  match of t h e  input  t r a n s i s t o r s .  

Maximizing t h e  be t a s  of t h e  input  t r a n s i s t o r ,  and 

Given t h e  200na input  cu r ren t  s p e c i f i c a t i o n ,  t oge the r  w i t h  minimum 

low temperature b e t a s  of 50, a maximum c o l l e c t o r  cu r ren t  i s  set  a t  10pa. 

Since t h e  source i s  f l o a t i n g ,  a _+ 10% input  t r a n s i s t o r  be t a  match pro- 

duces an equiva len t  input  e r r o r  of 14pv a t  l o w  temperature. The l i n e a r  

p o r t i o n  of th is  temperature e r r o r  component can be canceled. I f  5 t o  1 

compensation i s  assumed, an uncompensated e r r o r  of 2.8pv remains. 

The base-emi t te r  vo l tage  i s  extremely temperature s e n s i t i v e ,  having 

0 a temperature c o e f f i c i e n t  of approximately -2.2mv/ C. 

i d e n t i c a l  p a i r  of t r a n s i s t o r s ,  a 0.001 C temperature d i f f e rence  w i l l  pro- 

Assuming an 

0 

duce a 2pv vo l t age  d i f f e r e n t i a l .  Low level ope ra t ion  of t h e  input  s t a g e  

enhances t h e  d r i f t  performance a t  t h i s  po in t .  Take, f o r  instance,  a 

t r a n s i s t o r  p a i r  A ope ra t ing  a t  10pa c o l l e c t o r  cu r ren t  and 3 v o l t s  

co l l ec to r - emi t t e r  vol tage.  A thermal r e s i s t a n c e  of 5OO0C/W ( for  i l l u s -  

t r a t i o n )  leads  t o  a 0,015 C temperature increase ,  I n  con t r a s t ,  a t r a n -  

s i s t o r  p a i r  B ope ra t ing  a t  lOOpa and 5 v o l t s  raises t h e  temperature 0.25 C. 

0 

0 

The p r o b a b i l i t y  of maintaining exac t ly  equal  temperatures between t r a n s i s -  

t o r s  i s  much h igher  f o r  p a i r  A t han  f o r  p a i r  B. The thermal imtimacy 

provided by t h e  e n t i r e  i n t e g r a t e d  c i r c u i t  lends i t s e l f  t o  minimum d r i f t  

performance. A high  degree of compensation r e s u l t s  from insu r ing  t h e  
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t r a n s i s t o r  input pa i r  and the d r i f t - o f f s e t  control c i r c u i t  experience 

the same temperature. 

The d i f f e r e n t i a l  base-emitter voltages of the input t r a n s i s t o r s  i s  

the dominant d r i f t  t e r m .  It can be shown t h a t  t h i s  component i s  highly 

l inear  with temperature i f  the co l lec tor  currents  of the input t r a n s i s -  

t o r  p a i r  are  held constant. It has a l so  been found t h a t  maximum 
3 

temperature tracking i s  obtained by se lec t ing  input t r a n s i s t o r s  with the  

4 
closest  V match. BE 

It i s  the object of t h i s  design t o  hold the  co l lec tor  currents of 

the input s tage constant and equal. This r e s u l t s  i n  a l i n e a r  temperature 

d r i f t  term which, together with the other accumulated d r i f t  t e r m s ,  can be 

e f fec t ive ly  compensated. 

Two basic  approaches were considered for  designing t h i s  minimum 

d r i f t ,  d i r e c t  coupled, d i f f e r e n t i a l  amplifier. 

1. Maximize the l i n e a r i t y  of the  inherent temperature d r i f t  and 
add a d i r e c t  compensating temperature dependent l i n e a r  voltage 
t o  cancel t h e  inherent d r i f t ,  and/or 

Minimize t h e  inherent temperature d r i f t  by a "self  compensation" 
technique. 

2. 

3 
Hoffait  and Thornton describe the second technique i n  which passive c i r -  

c u i t  component unbalances a r e  used t o  compensate for  differences i n  

t r a n s i s t o r  parameters. 

than O.lpv/ C, but simultaneously de te r iora tes  the common-mode re jec t ion  

This approach y ie lds  equivalent input d r i f t s  less 

0 

because of the in ten t iona l  c i r c u i t  unbalances. This problem is acknowledged 

i n  t h e i r  paper "Limitations of Transistor DC Amplifiers," and a suggested 

'A. H. Hoffait  and R. D. Thornton, "Limitations of Transistor DC Amplifiers," 

4A.  Tuszynski, "Correlation of B a s e - E m i t t e r  Voltage and Temperature 

Proc. IEEE (February 1964) 

Coefficient," Solid S ta te  Design 3, 32-35 (July 1962) 

2-16 



s o l u t i o n  is t o  provide a f l o a t i n g  power supply f o r  t h e  input  s t a g e .  

Middlebrook desc r ibes  t h e  use of t h e  f i r s t  technique i n  " D i f f e r e n t i a l  

Amplif ier  with Regulator Achieves High S t a b i l i t y ,  Low D r i f t  . ' I 5  

approach is  considered more p r a c t i c a l  because of t h e  re la t ive ease i n  

ob ta in ing  high common-mode r e j e c t i o n  f i g u r e s .  

t h i s  d i r e c t  compensation technique, as demonstrated i n  t h e  labora tory ,  a l s o  

y i e l d s  equiva len t  input  d r i f t s  less than  O.lpv/ C.  

This  

The d r i f t  performance of 

0 

With r e fe rence  t o  the  block diagram of Fig.  2-6, d i r e c t  d r i f t  and 

o f f s e t  compensation is  accomplished by supplying c u r r e n t s  (which have a 

l i n e a r  temperature dependent component) from t h e  d r i f t - o f f s e t  con t ro l  

c i r c u i t  t o  flow through the  feedback r e s i s t o r s .  This adds a l i n e a r  

temperature-dependent vo l t age  i n  series wi th  t h e  input  s i g n a l  t o  cance l  

t h e  accumulated inhe ren t  ampl i f i e r  d r i f t .  The e f f e c t i v e n e s s  of t h i s  d r i f t  

compensation is  d i r e c t l y  r e l a t e d  t o  the  l i n e a r i t y  of t h e  inherent  and com- 

pensa t ing  d r i f t  components. 

Currents  IAo and IBo con t ro l  t h e  output  vo l tage  according t o  

R1 + R2 
R2 

0 = CIAo - IB0)  R1 + (vA - vB> 3 

assuming RIA = RIB = R1. The (vA - v ) t e r m  r ep resen t s  B 

(2-40) 

an  equ iva len t  

d i f f e r e n t i a l  input  t e r m .  The d r i f t - o f f s e t  con t ro l  c i r c u i t  i s  ad jus ted  

such t h a t  
R + R 2  

(zero o f f s e t )  1 
(IA0 - 'Bo) R1 = (vB - "A) 

R2 
(2-41) 

5R. D .  Middlebrook, " D i f f e r e n t i a l  Amplif ier  w i th  Regulator Achieves 
High S t a b i l i t y ,  Low D r i f t , "  E lec t ron ic s  (July 1964) 
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F i g .  2-6. Direct Compensation Technique 
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R + R 2  
(zero temperature ( 2 - 4 2 )  and [ a ('Ao - 'Bo)] R1 = [x a (vB - 

R2 d r i f t )  

For t h i s  case, the  d r i f t - o f f s e t  compensation can be maintained fo r  

d i f f e r e n t  gain s e t t i n g s  i f  R i s  held constant and R i s  changed. 2 1 
For the  case of R 1A # RlB> the  f irst  t e r m  of Eq. 2-40 becomes 

' ~ 0 ~ 1 ~  BO IB G~~ + G~~ 
- I r'A+G-l ' 

( 2 - 4 3 )  

which shows t h a t  t h e  degree of d r i f t  o f f s e t  compensation is  a function of 

the balance of RIA and RIB, e t c .  

Three techniques a re  employed i n  t h i s  amplifier t o  insure high common- 

mode r e j ec t ion .  

1. Attention is  given t o  obta in  w e l l  matched r e s i s t o r s  i n i t i a l l y .  

CMR i s  maximized f o r  a given d i f f e r e n t i a l  closed loop gain by minimizing the  

cross-coupling t e r m  A Eq. 2-14. I f  every symmetrical c i r c u i t  parameter 

w a s  balanced, t h e  Adc term would be zero. 

a r e  converted t o  d i f f e r e n t i a l  s igna l s  by t h e  c i r c u i t  unbalances, which i n  

tu rn  are d i f f e r e n t i a l l y  amplified. Consequently, unbalances near t h e  input 

dc' 

Common-mode changes i n  bias l eve l s  

of t he  amplifier degrade the  CMR more severely than those near t he  output. 

For t h i s  reason, a r e s i s t o r  trimming capab i l i t y  i s  included f o r  t he  

co l l ec to r  load r e s i s t o r s  of the  input s tage .  In  general, good matching i s  

obtained i n  an unadjusted p a i r  of t h i n  f i lm  r e s i s t o r s  deposited i n  c lose  

proximity of one another. It is  therefore  expected t h a t  a properly designed 

in tegra ted  c i r c u i t  inherently lends i t s e l f  t o  high common-mode r e j e c t i o n  

f igures  . 
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2 .  Common-mode negat ive feedback i s  incorporated.  

The f i r s t  technique of increasing t h e  CMR is t o  maximize the  balance of 

component values which a r e  exposed t o  common-mode b ias  va r i a t ions .  

second technique is t o  minimize the  common-mode b ias  v a r i a t i o n s  by a high 

gain negat ive feedback loop. I n  p r inc ip l e ,  i f  t he  b ias  l e v e l s  were abso- 

l u t e l y  s t a b l e  wi th  changing common-mode input voltages,  no d i f f e r e n t i a l  

terms would be generated by the  unbalances, and the  CMR would be i n f i n i t e .  

The e f f e c t s  of c i r c u i t  unbalances are consequently decreased by the  f a c t o r  

t h a t  t he  common-mode b ias  levels a r e  s t a b i l i z e d ,  the  value of T f o r  t h e  

common-mode feedback loop, Eq. 2-33. For instance,  i f  two r e s i s t o r s  a r e  

unbalanced by & 1%, and these  r e s i s t o r s  are included i n  a common-mode feed- 

back loop wi th  T = 40 dB, the  e f f e c t i v e  r e s i s t o r  unbalance i s  reduced t o  

The 

- + 0.01%. 

The common-mode input  impedance i s  a l s o  increased by t h e  negative feed- 

back, as given i n  Eq. 2-32. This allows high CMR t o  be maintained in  the  

environment of an unbalanced source configurat ion.  The common-mode input 

impedance needed t o  insure  a s t a t e d  CMR f igu re  i n  the  presence of a AR 

maximum source impedance unbalance i s  given a s  

S 

’ (mS) x ((=MR) (2-44) in-cm 2 

One d i f f i c u l t y  i n  using single-ended ove ra l l  emi t te r  feedback i s  the  

input s t age  b i a s  level dependence on the  common-mode input  vol tage and 

output vo l tage  swing. For instance,  consider ing the  design values of t h i s  

p a r t i c u l a r  design, t h e  extreme condi t ions formed by a & 1 v o l t  common-mode 

input and a 0 t o  +5 v o l t  output swing causes t h e  cur ren ts  i n  t h e  feedback 
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r e s i s t o r s  t o  change more than 200pA. 

t r a n s i s t o r s  must be s t a b i l i z e d  a t  1OpA.  

provides t h i s  s t a b i l i t y .  

Y e t ,  t he  emitter cur ren ts  of t h e  input 

A high common-mode loop gain a l s o  

High loop gain is  obtained by incorporating two c i r c u i t  f ea tu re s ;  a 

bootstrapping c i r c u i t  and a common-mode voltage r egu la to r  amplifier.  

Figure 2-7 shows a bas ic  schematic of t h e  common-mode feedback loop which 

includes the  bootstrapping c i r c u i t  and t h e  regula t ing  amplifier.  R4A and 

R4B are t h e  co l l ec to r  load r e s i s t o r s  of t he  input s tage .  

across these  r e s i s t o r s  is held r e l a t i v e l y  constant and equal t o  t h e  voltage 

across R The diode D maintains the  voltages across R 

approximately constant with temperature. The second-stage emitter voltage, 

vE2, is monitored and compared wi th  a reference.  This comparison is  

amplified by - and converted t o  a cur ren t  t o  supply the  input s tage  emitters. 

The CM voltage 

5 and R4A'R4B 5 '  

1 
RC 

A common-mode equivalent c i r c u i t  is shown i n  Figure 2-8. From t he  

ana lys i s  of t h i s  model, t he  e f f e c t i v e  common-mode load r e s i s t ance  of t h e  

input s t age  i s  found t o  be approximately, 

R4A -b R4B X 5 
R5 J$ f: 2 ( 2 - 4 5 )  

The bootstrapping c i r c u i t  therefore  provides an increase  i n  common-mode 

loop ga in  of approximately 

( 2 - 4 6 )  - .  R3 
R5 

The value of T f o r  t he  common-mode feedback loop becomes 

R, 1 
3 T - , , , L , ~ - ~ R  X -  

- R6 4- 3 RC R5 
( 2 - 4 7 )  
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Figure 2-7.  Basic Schematic of Common-'Mode 
Feedback Loop 
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Figure 2-8. Common-Mode Equivalent Circuit 
of Common-Mode Feedback Loop 

2-23 



3. The ove ra l l  feedback r e s i s t o r s  a r e  trimmed. 

Eq. 2-31 shows t h a t  f o r  a pe r fec t ly  balanced amplif ier ,  the  output component 

1A e: RIB' due t o  a common-mode input  vo l tage  can be made zero  by s e t t i n g  R 

However, i n  the  general  case f o r  an ampl i f ie r  which i s  not p e r f e c t l y  balanced, 

1A # RIB. Since R pr imar i ly  optimum CMR f igu res  are obtained with R 

determines the  gain,  RIB is trimmed t o  y i e l d  optimum CMR. 

1A 

This adjustment 

tends t o  compensate f o r  t he  e f f e c t s  of accumulated c i r c u i t  unbalances. 

2.1.3 Dr i f t -Offse t  Compensation C i r c u i t  

Figure 2-9(a and b) shows the  bas i c  c i r c u i t  of the  d r i f t  cont ro l  and the  

o f f s e t  control ,  respec t ive ly .  Each c i r c u i t  suppl ies  cur ren t  t o  the  ampl i f ie r  

ove ra l l  feedback r e s i s t o r s  t o  compensate f o r  the inherent  ampl i f ie r  d r i f t  and 

o f f s e t  . 
The d r i f t  cont ro l  c i r c u i t  operates  as follows. I f  t h e  c o l l e c t o r  

cur ren ts  of QA and Q,, together  wi th  t h e  be tas  of QA and Q,, are assumed t o  

be approximately equal, then the  base cur ren ts  w i l l  be equal. 

cur ren ts ,  t h e  cur ren t  through R w i l l  be exac t ly  equal t o  t h e  output c o l l e c t o r  

cur ren t  of QA over t he  e n t i r e  temperature range. 

Q, i s  approximately constant  with temperature, the  change of VBE of Q, w i l l  

be h ighly  l i n e a r  wi th  temperature. 

t he  output current ,  w i l l  therefore  be a h ighly  l i n e a r  func t ion  of temperature. 

The de r iva t ive  of cur ren t  wi th  respec t  t o  temperature w i l l  be negat ive and 

inverse ly  proport ional  t o  R 

For equal base 

A 

I f  the  c o l l e c t o r  cur ren t  of 

The cur ren t  through RAY which is  equal t o  

A' 

D The o f f s e t  con t ro l  c i r c u i t  operates  as follows. The connection of Q 

and Q, is  a 100% feedback loop, such t h a t  t he  vol tage  across  Rc i s  s t a b i l i z e d  

wi th  r e spec t  t o  temperature i f  F$,/s is  equal t o  the  a of Q,. 

gain of Q,, %, and F$, is  unity.)  

(The vol tage 

As argued i n  t h e  above paragraph, t he  
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+vcc to 

Figure 2-9(a).  D r i f t  Control Circuit  

+vcc to 

feedback 

Figure 2-9(b). Offset Control Circuit 

feedback 

res is  tors 

res istors 
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output c o l l e c t o r  cur ren t  of Q i s  equal t o  t h e  cur ren t  through R 

the  output current i s  constant with temperature and inversely proporational 

t o  RC* 

therefore,  C C j 

2.2 CIRCUIT DESCRIPTION 

Figure 2-10 shows the  complete schematic which includes the  bas ic  

amplifier and the  d r i f t - o f f s e t  compensation c i r c u i t .  The basic amplifier i s  

described as follows. 

Q, and Q, a r e  t h e  common-emitter d i f f e r e n t i a l  input stage.  Res is tors  

R and R a r e  ava i lab le  t o  supply base current i f  the  source impedance i s  

f loa t ing .  Resistor R supplies current from t h e  pos i t i ve  supply i n t o  t h e  

This cur ren t  i s  needed when the  feedback res i s t o r  s, 

output voltage goes negative or  the  common-mode input vo l tage  goes pos i t ive .  

1 2 

7 
and R 40. R37y R38J R39) 

Resistors R12 and R13 are the  co l l ec to r  load r e s i s t o r s  of t h e  input stage.  

Capacitors C 

feedback loop and provide a 10 kHz pole i n  t h e  d i f f e r e n t i a l  loop which 

and C 1 2 provide t h e  dominant pole i n  t h e  common-mode closed 

exac t ly  cancels t h e  10 kHz zero introduced by t h e  feedback network. 

7’ Q8’ Res is tors  R 11, RI2, RI3, and R15, i n  addi t ion  t o  t r a n s i s t o r s  Q 

Q12, Q13, and diodes Q,, and Q 

t he  common-mode loop gain. 

preceding 

Diode Q 9 

Q,. Resistors R 

gain s tage .  

and R23, form d i f f e r e n t i a l  dc level s h i f t e r s .  

d r ive  t h e  t h i r d  and las t  gain stage,  Qlg and Q20. 

r e s i s t o r  of Q,,. 

form a bootstrapping network which increases 11’ 

Trans is tors  Q and Q, are emitter followers 7 

1 2  and ‘13’ the  second common-emitter d i f f e r e n t i a l  gain stage,  Q 

and r e s i s t o r s  R16 and R17 e s t a b l i s h  the  emitter cur ren ts  of Q7 and 

and R19 a r e  t h e  co l l ec to r  load r e s i s t o r s  of t h e  second 18 

Trans is tors  Q 14 and Q,, are current generators which, with R20 

E m i t t e r  followers Q,, and Q,, 

i s  the  co l l ec to r  load 

E m i t t e r  followers Q,, and Q2, provide output cur ren t  dr ive  

R3 1 
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i n t o  a load. Current generator Q de l ive r s  common-mode emitter cur ren t  

i n t o  the  t h i r d  d i f f e r e n t i a l  gain s tage .  

16 

Trans is tors  Q,, QqJ  Q,, and Q ,  form the  common-mode feedback amplifier 

which s t a b i l i z e s  the  common-mode voltage across R 12 and R13 by regula t ing  

This feedback loop maintains the  voltage a t  t he  emitters of Q,, and Q 

t he  common-mode c o l l e c t o r  cur ren ts  of Q 1 

The d r i f t - o f f s e t  compensation c i r c u i t  and feedback r e s i s t o r s  are found 

13 ’ 

and Q ,  s t a b l e  a t  lo@. 

on the  lower ha l f  of Figure 2-10. 

form the  d r i f t  cont ro l  c i r c u i t s .  

pensation. 

c i r c u i t .  

‘32 ,  ‘33’ Q34y ‘35’ 

supply voltage of t he  d r i f t  and o f f s e t  c i r c u i t s .  

zener diode pre-regulators.  

and Q34. Trans is tor  Q 

control t he  series regula t ing  t r a n s i s t o r  Q 

Trans is tor  p a i r s  Q2,/Q,, and Q2,/Q3, 

Rq7 and Rq9 a r e  adjusted fo r  d r i f t  com- 

Trans is tor  p a i r s  Q,,/Q,, and Q24/Q26 form t h e  o f f s e t  cont ro l  

31.’ Rq3 and Rq6 are adjusted f o r  o f f s e t  compensation. Trans is tors  Q 

and Q,, form a vol tage  regula tor  t h a t  s t a b i l i z e s  t h e  

Q,, and Q,, are used as 

The output voltage is  es tab l i shed  by diodes Q32 

compares the  output wi th  t h i s  diode re ference  t o  31 

33 ‘ 

Capacitors C and C across the  feedback r e s i s t o r  e s t a b l i s h  the  closed 4 5 
loop 6 dB per octave pole a t  10 kHz. Capacitor C i s  mul t ip l ied  by the  

Miller e f f e c t  t o  provide the  dominant cont ro l  pole i n  t h e  d i f f e r e n t i a l  mode 

3 

loop. 

Figure 2-11 shows the  r e s i s t o r  adjustments ava i l ab le  on t h e  feedback 

r e s i s t o r s  and d r i f t - o f f s e t  compensation c i r c u i t .  

2 . 3  INTEGRATED CIRCUIT DESCRIPTION 

The complete c i r c u i t  i s  divided i n t o  t h e  following sec t ions :  
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1. SCA41 (Basic Amplifier) 

2. SCA42 (Dr i f t  Offset  Compensation C i rcu i t  with Feedback Res is tors )  

3. Capacitors 

The a c t i v e  component c i r c u i t r y  is  divided i n t o  two d ice  f o r  t he  following 

reasons.  

1. Functionally,  the  Basic Amplifier w i l l  operate  independently as an 
open loop ampl i f ie r ,  allowing a broad appl ica t ion  of t h i s  d i e .  
add i t ion  of t h e  second ac t ive  component d i e  provides p rec i se  cont ro l  
of the  d r i f t  and o f f s e t ,  and converts t he  open loop ampl i f ie r  i n t o  a 
closed loop, p rec i se  gain configurat ion.  (The MOS s t a b i l i z a t i o n  
capac i tors  form the  t h i r d  die.)  
chosen f o r  func t iona l  reasons.  

The 

I n  summary, t h i s  d i e  d iv i s ion  was  

2.  The o v e r a l l  feedback r e s i s t o r s  are on the  same d i e  as the  d r i f t -  
o f f s e t  cont ro l  c i r c u i t  because of thermal t racking requirements of 
the  cermet t h i n  f i lm r e s i s t o r s .  For instance,  t he  amplif ier  output 
thermal d r i f t  i s  cont ro l led  by t h e  r a t i o  of two r e s i s t o r s ;  one 
found i n  the  d r i f t - o f f s e t  cont ro l  c i r c u i t ,  the  other  i n  the  feedback 
r e s i s t o r  network. It is important t h a t  t h i s  r a t i o  i s  r e l a t i v e l y  
constant with temperature, t o  avoid c rea t ing  non l inea r i t i e s  i n  the  
d r i f t  performance. 

3. All of t h e  adjustments a r e  performed on t h e  d r i f t - o f f s e t ,  feedback 
r e s i s t o r  d ie .  Therefore, i f  t he  d i e  is damaged during the  ad jus t -  
ment procedure, it can be replaced without having t o  d iscard  the  
ampl i f ie r  and capac i tor  d ie .  

4. The sur face  area and the  number of a c t i v e  devices required by each 
c i r c u i t  lend themselves t o  t h i s  d i e  d iv is ion .  

5. This d iv i s ion  a l s o  allows a minimum number of i n t e r - d i e  
connections. 

The bas i c  ampl i f ie r  assembly drawing of Figure 2-12 shows the  1.2 megohms 

of r e s i s t o r s  and 22 buried l aye r  e p i t a x i a l  t r a n s i s t o r s  on the  95 x 115 m i l  

d ie .  Figure 2-13 is  a photograph of a SCA41 wafer. Figures 2-14 and 2-15 

show the  MCD4 s u b s t r a t e  and a l a t e r a l  view of t h e  t r a n s i s t o r  geometry, 

respec t ive ly .  Figures 2-16 through 2-23 i l l u s t r a t e  each mask separa te ly .  

The d r i f t - o f f s e t  compensation c i r c u i t  with feedback r e s i s t o r s ,  SCA42, i s  

shown i n  Figure 2-24. A l l  of t h e  adjustments a r e  performed on t h i s  d ie .  

The MCD4 i s  used a l s o  f o r  t h i s  d ie .  
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Figure 2-12. SCA41 Assembly Drawing 
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F i g u r e  2-13. Photograph of Sa41 Wafer 
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Figure 2-14. Multi-Circuit Die Common Substrate 
(MCD4) Drawing 
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Figure 2-15. MCD4 Transistor Structure 
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Figure 2-16. Buried Layer 
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Figure 2-17. I so la t ion  Gate 
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Figure 2-18. Base 
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Figure 2-19. Emitter 
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Figure 2-20. Test Transistor Contact 
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Figure 2-21. Contact 
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Figure 2-22. Cermet 
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Figure 2-23 a Metal Interconnect 
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Figure  2-24.  SCA42 Assembly Drawing 
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2.4 SUMMARY OF MEASURED PERFORMANCE DATA 

With r e fe rence  t o  Figure 2-10, as t h e  input  common-mode vo l t age  changes, 

and R ) and 
37’ R38y ’39) 40 the  c u r r e n t s  i n  t h e  feedback r e s i s t o r  network (R 

r e s i s t o r  5 change. 

ope ra t ing  c u r r e n t s  of t h e  inpu t  s t age ,  Q 

mode feedback loop is t o  s t a b i l i z e  t h e  ope ra t ing  c u r r e n t s  of Q 

t h e  environment of changing common-mode inpu t  vo l t ages .  F igure  2-25 shows 

d a t a  taken  from t h e  ampl i f i e r  breadboard. This  i n d i c a t e s  a common-mode loop 

ga in  of about  900 and a common-mode inpu t  vo l t age  opera t ing  range between 

-5 v o l t s  and +8 v o l t s .  Figure 2-26 shows t h e  measured common-mode r e j e c t i o n  

as a func t ion  of frequency f o r  c losed  loop gains  of  1000 and 25. No attempt 

w a s  made t o  opt imize t h i s  c h a r a c t e r i s t i c  by a d j u s t i n g  t h e  feedback r e s i s t o r .  

Note t h a t  t h e  breadboard performance is cons iderably  b e t t e r  t han  t h e  80 dB, 

1 kHz s p e c i f i c a t i o n .  

This,  i n  tu rn ,  produces v a r i a t i o n s  i n  t h e  c o l l e c t o r  

and Q2. The purpose of the  common- 1 

and Q, i n  1 

The d i f f e r e n t i a l  mode open loop ga in  i s  h ighe r  i n  t h i s  design than  it  

w a s  i n  t h e  NAS 9-3410 design.  F igure  2-23 shows t h e  open loop ga in  as a 

func t ion  of temperature f o r  c losed  loop ga ins  of 1000 and 50. This i n d i c a t e s  

a c losed  loop ga in  v a r i a t i o n  of +0.15% f o r  CLG = 1000, and 9 . 0 2 %  f o r  CLG = 50. 

This performance i s  w e l l  w i t h i n  s p e c i f i c a t i o n .  

The l i n e a r i t y  w a s  measured and shown i n  F igure  2-28. I n  summary, over  

t he  ope ra t ing  output  vo l tage  range of  0 t o  +5 v o l t s ,  t h e  n o n l i n e a r i t y  i s  less 

than  1 mV, aga in  w e l l  w i t h i n  s p e c i f i c a t i o n .  

b i l i t y  extends from -6 v o l t s  t o  +9 v o l t s  f o r  a 25 k ohm load .  

c u i t  w i l l  d r i v e  10,000 pF of capaci tance.  The output  impedance i s  less than  

0.1 ohm. 

The output  vo l t age  swing capa- 

The output c i r -  
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-Y 
Figure 2-28. Linearity Measurements 
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The power ga t ing  c h a r a c t e r i s t i c s  of t he  breadboard ampl i f ie r  were 

measured. A sketch of t he  test configurat ion and the  wave shapes are shown 

i n  Figure 2-29. The GMR is  turned on f i r s t ,  from t t o  t and then t h e  

GTR energizes  t h e  t ransducer  from t t o  t The ampl i f ie r  output t r a n s i e n t  

1 a t  t4 represents  the  turn-on time i n  i n t e r e s t ,  whi le  the  t r a n s i e n t  a t  t 

represents  t h e  turn-off  time. The output of t h e  ampl i f ie r  was monitored 

t o  determine the  length of time needed fo r  t he  ampl i f ie r  t o  s e t t l e  wi th in  

5 mV of i t s  f i n a l  value.  Both the  ON and O F F  times were measured a s  150psec. 

These t i m e s  were s i g n i f i c a n t l y  reduced by removing a l l  four  150 pF capac i tors  

from the  ampl i f ie r .  

5 mV accuracy. The e s s e n t i a l  reason fo r  t h e  150 pF capaci tors  i s  t o  minimize 

noise.  

r a t h e r  than i n  the  low-level ampl i f ie r ,  these  150 pF capac i tors  could be 

removed. 

3 1 7  

4 1' 

Then, t he  tON 2: l5ysec and tOFF 2: 60psec, assuming a 

I f  a 10 kHz f i l t e r  i s  placed i n  t h e  output c i r c u i t  of t he  system, 

Measured da ta  taken on the  in t eg ra t ed  c i r c u i t  ampl i f ie rs  shipped on 

t h i s  cont rac t  i s  shown i n  Figures 2-30 through 2-49. 

2.5 PACKAGING CONFIGURATIONS 

Figure 2-50 i l l u s t r a t e s  t h e  packaging opt ion of mounting a l l  t h e  d i e  

The capaci tor  d ie ,  i n  t h i s  case,  has not i n  a 3/8" by 3/8" f l a t  package. 

been fabr ica ted .  

Figures 2-51, 2-52, and 2-53 show the  opt ion of mounting the  SCA41, 

This i s  t h e  SCA42, and CA02 d i e  i n  separa te  1/4" by 3/8" f l a t  packages. 

form i n  which the ampl i f ie r  was  de l ivered  on t h i s  cont rac t .  

Note: Appendix D shows the  p r in t ed  c i r c u i t  board on which the  

ampl i f ie r  modules were mounted. 
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Figure 2-29. Test Configurat ion and Wave Shapes 
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Amplifier No. 301 Nominal Gain /- 

Linearized d r i f t  r e f e r r e d  t o  t h e  input Oefl  PV/OC. 

-3 5OC f 25OC + 9 5 O c  

Out put Offset + a -8 +/it m w  
DC Gain &uu.--  
Noise ( r e f e r r e d  t o  inpu t )  9 20 / p e d  

+Zt;'C Measurements 

Linear i ty :  Nominal Output -1 0 +1 +2 5 +6 ( v o l t s )  

Deviation from 
L i n e a r i t y + t  O, +I. $-I +[' + I  a (mv) 

Frequency Response ( 3  db p t .  ) 5 5  kHz 

Rolloff  Rate 6 db per  octave 

Common mode r e j e c t i o n  de db 

1 k H z  9e db 

Figure 2-31. Amplifier 301 Measured Data 
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Amplifier No. 3 0 p  Nominal Cain -0 

Linearized d r i f t  r e f e r r e d  t,o t h e  input  0. 22 pv/OC. 

-35OC +25OC + 9 5 O c  

Output Offset 4 377 -f-x/ - t m r  

DC Gain 

Noise ( r e f e r r e d  t o  inpu t )  /o 

+25OC Measurements 

Linear i ty :  Nominal Output -1 0 +1 +2 5 Itlt. +J- t-6 ( v o l t s )  

Frequency Response ( 3  db Pt .  a H Z  

Rolloff  Rate 6 db per  octave 

Common mode r e j e c t i o n  de //& db 

1 kHz /OZ db 

Power supply r e j e c t i o n  (+15) /8 pv/v r e fe r r ed  t o  input  

(-15) /7 pv/v r e fe r r ed  t o  input  

Figure 2-33. Amplifier 304 Measured Data 

2-54 



2-55 



Amplifier No. s/>- Nominal Gain / d m  

Linearized d r i f t  referred t o  the  input as&/ p / O C .  

-35OC f 25OC 

Output Offset S'ZQ -3t/ 
DC Gain /oO3.0- 
Noise (referreti  t o  input.) /O /O 

t-2 5 ' C Me ssuremo n t  s 

Linearity: Nominal Output -1 0 +1 +2 

Deviation from 
Linearity Q- Q a + I  + I  

& +6 ( v o l t s )  

Frequency Response ( 3  db pt .  ) -6 k H Z  

Rolloff Rate 4 db per octave 

Common mode re jec t ion  dc /I4 db 

1 kHz /It3 db 

Power supply re jec t ion  (+l5) I5 pv/v referred t o  input  

(-15) 32 yv/v referred t o  i n p u t  

Figure 2-35. Amplifier 315 Measured Data 
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Nominal Gain Amplifier No. 306 

Linearized d r i f t  r e f e r r e d  t o  t h e  input  o*zd C ~ V / ~ C .  

-35OC +25OC t 9 5 O c  

Output O f f  s e t  d 2 4 L  -2.ZL- 
DC Gain 2 i i I E i L - m  
Noise ( r e f e r r e d  t o  inpu t )  /f, /o /D 

+25OC Measurements 

Linear i ty :  Nominal Output -1 0 +1 $2 +3 +5 +6 ( v o l t s )  

Deviation from 
L i n e a r i t y - A  Q tL +J % +/ -2 (mv) 

Frequency Response ( 3  db p t . )  .57 kHz 

Rolloff Rate 6 db per  octave 

Common mode r e j e c t i o n  dc /oA db 

1 kHz //o db 

Figure 2-37. Amplifier 308 Measured Data 

2-58 



2-59 



Amplifier No. (3/9 Nominal Cain /ODn 

Linearized d r i f t  r e f e r r ed  t o  t h e  input  0. /B pv/Oc. 

-35OC t 2 5 O C  t 9 5 O c  

Output Offset --/7 LJ6- S m t r  

DC Gain A5t22.z /UOLV m P  
Noise ( r e f e r r e d  t o  inpu t )  /o /o 

-t2,5'C Measurements 

Linear i ty :  Nominal Output -1 0 +1 +-2 +A +A +L +A ( v o l t s )  

Deviation from 
L i n e a r i t y - -  0 2 2 _LT -1 (mv) 

Frequency Response (3 db p t .  ) & kHz 

Rolloff  Rate 6 db pe r  octave 

Common mode r e j e c t i o n  dc /a db 

1 kHz //Y db 

Power supply r e j e c t i o n  (+15) 3'6 p / v  r e fe r r ed  t o  input  

(-15) -2' pv/v r e fe r r ed  to input 

Figure 2-39. Amplifier 319 Measured Data 
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Amplifier No. h/ Nominal Cain 570 

Linearized d r i f t  r e f e r r e d  t o  t he  input  cz cIv/oc. 

-35OC t - 2 5 O C  4 9 5 O c  

Output Offset  -t/B - // +z3 /mer 

DC Gain 5 Q  /B 5Zzzo Azu& 
Noise ( r e f e r r e d  t o  inpu t )  10 L /o prpei4  

0 +25 C Measurements 

Linear i ty :  Nominal Output -1 0 +1 +2 i-J- +A ( v o l t s )  

Deviation from 
L inea r i ty  0 9 _p, 8- -t/ 3/ Q (mv) 

Frequency Response (3  db p t . )  8 kHz 

Rolloff  Rate 6 db per  octave 

Common mode r e j e c t i o n  dc aa2L- db 

1 kHz /do db 

Power supply r e j e c t i o n  (+15) 60 pv/v r e fe r r ed  t o  input  

(-15) 90 p / v  r e fe r r ed  t o  input  

Figure 2-41. Amplifier 401 Measured Data 
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Amplifier No. &z Nomi.na1 Gain $0 

Linearized d r i f t  r e f e r r ed  too t h e  input  70 yv/OC. 

-35OC 1-25OC - w O c  

Output Offse t  -8 +ir;c; /m/ 

Noise ( r e f e r r e d  t o  inpu t )  /D 3 
DC Gain 

+25'C Measurements 

Linear i ty :  Nominal Output -1 0 +1 $2 5 5 +6 ( v o l t s )  

Deviation f r o m  
L i n e a r i t y - z  0 +1 el + -  $2 3 +A (mv) 

Frequency Response (3 db p t . )  9 kHz 

Rolloff  Rate 6 db per  octave 

Common mode r e j e c t i o n  dc &U db 

1 k H z  83 db 

Power supply r e j e c t i o n  (+15) $40 vv/v r e fe r r ed  t o  input  

(-15) an pv/v r e fe r r ed  t o  input  

Figure 2-43 .  Amplifier 402 Measured Data 

2-64 



2-65 



Amplifier No. 4% Nominal Gain a 

Linearized d r i f t  referrtxi t,o t h e  input, +? 4 clV/OC. 

-35OC -4 25OC *5OC 

3- // mt-0- Out put. Offset, -/I + I  

DC Gain 53? 03 32. /o 5-0. /s- 
Noise ( r e fe r r ed  t o  input,) /o 2T 

0 +25 C Measurements 

Linear i ty :  Nominal Output -1 0 +1 $2 5 +6 ( v o l t s )  

Deviation from 
L inea r i ty  c> 0 Q a -1 */  f~ Q (mv) 

Frequency Response ( 3  db p t . )  9 kHz 

Rolloff  Rate 6 db per  octave 

Common mode r e j e c t i o n  dc L db 
1 kHz 76 db 

Power supply r e j e c t i o n  (+15) /60 pv/v r e fe r r ed  t o  input  

(-15) /#o pv/v re fer red  t o  input  

Figure 2-45. Amplifier 406 Measured Data 
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Amplifier No. &@& Nominal Cain crb 

Linearized d r i f t  referred t.o the input L 7  pv/OI:. 

-35OC i 25OC -t9roc 

Output Offset -t-9 +z ' r , W  

DC Gain 4996 xi2 03 si3. It9 
Noise ( re fer red  t o  input)  /b tr 

+? 5 OC Me as urement s 

Linearity:  Nominal Output -1 0 +1 a & a 5 ( v o l t s )  

Deviation from 
Lineari ty  2 0 o o 0 O O O (mv) 

Frequency Response (3  db p t . )  d kHz 

R o l l o f f  Rate db per octave 

Common mode r e j e c t i o n  dc A72 db 

1 kHz 89 db 

Power supply re jec t ion  (+l5) 60 pv/v referred t o  input 

(-15) .db pv/v referred t o  input 

Figure 2-47. Amplifier 40% Measured Data 
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Nominal. Gain s%) Amplifier No. q// 

Linearized d r i f t  r e f e r r ed  tto t h e  input, 23 V V / ~ C .  

-35OC +-25OC - 9 5 O c  

Output, Offset  +s -10 -z w 
DC Gain 4989 999/ 4993 
Noise (referred t o  inpu t )  3- RO /D 

0 +25 C Measurements 

Deviation from 
Linea r i ty  o o o -el +/ +I +! ++ (mv) 

Frequency Response (3  db p t .  ) 9 kHz 

Rolloff  Rate 6 db per  octave 

Common mode r e j e c t i o n  de /o@ db 

1 k!dz 92 db 

Power supply r e j e c t i o n  (+15) 40 vv/v re fer red  t o  input  

(-15) 40 ~ v / v  r e fe r r ed  t o  input  

Figure 2-49.. Amplifier 411 Measured Data 
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(ScA42) 

DRIFT OFFSET CONTROL 
AND FEEDBACK RESISTORS 

CAPACITORS 

BASIC AMPLI Fl ER 

Figure 2-50. Sketch of S ingle  Package Configurat ion 
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3. POWER SOURCE 

3.1 GENERAL 

The power source converts t he  28-volt unregulated ba t t e ry  vol tage  i n t o  

th ree  regula ted  vol tages ;  V t o  power t h e  transducer and V and V t o  power 

the  ampl i f ie rs .  Figure 3-1 shows t h e  block configurat ion.  

1 2 3 

A microminiature power converter provides e l e c t r i c a l  i s o l a t i o n  ( t rans-  

former coupling) and preregula t ion .  This d i r e c t  compensation pulsewidth 

modulation converter operates  a t  200 kHz switching r a t e .  No ove ra l l  feedback 

loop is used. The four  converter outputs  are fu r the r  conditioned by the  

VR34 and VR35 series r egu la to r s  t o  insure  exce l len t  l i n e  r egu la t ion  and 

r i p p l e  r e j e c t i o n .  I f  o v e r a l l  feedback is  included i n  the  converter (as 

proposed fu tu re  models w i l l ) ,  t he se  series r egu la to r s  w i l l  not be required,  

thereby increas ing  the  e f f i c i ency  of t he  power source.  Table 3-1 gives the  

input-output spec i f i ca t ions  of t he  power source.  

a) Input - The power source s h a l l  be powered from an  ex te rna l  
ba t t e ry .  The c h a r a c t e r i s t i c s  of t h i s  b a t t e r y  a r e  as follows: 

o The vol tage  is between 22 and 32 v o l t s  wi th  28 v o l t s  being 
nominal. 

o There i s  a poss ib l e  maximum 4 v o l t  peak-to-peak r i p p l e  (dc t o  
2 kHz square wave) impressed upon t h e  b a t t e r y  voltage.  The 
ba t t e ry  vol tage,  including the  r ipp le ,  w i l l  be between 22 and 
32 v o l t s .  

o There is  a poss ib le  t r a n s i e n t  on the  power l i n e  tha t  may 
reduce the  ba t t e ry  vol tage t o  as low as 0 v o l t s  or  increase  
it t o  as high a s  43 v o l t s .  
basewidth dura t ion  and an 8 mil l isecond r i s e  t i m e .  

This t r a n s i e n t  has a 20 mill isecond 

o The c i r c u i t r y  connected t o  t h e  ba t t e ry  i s  required t o  survive 
t h i s  t r a n s i e n t ,  but t he  s p e c i f i c a t i o n  performance is  not  
required.  Operation s h a l l  r e t u r n  t o  normal wi th in  100 micro- 
seconds a f t e r  t he  dura t ion  of the  pulse .  

b) Output - The output c h a r a c t e r i s t i c s  a r e  shown i n  Table 3-1. 

3-1 



v 
+LL V O l l S  1 

f3.2 v o l t s  i 
L 

+ 
"1 +10 v o l t s  

0 0 ( to  transducer) 

( to  ampl i f ier)  

( to  ampl i f ier)  

Figure 3-1. Signal Conditioner Power Source 
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TABLE 3-1. POWER SOURCE INPUT/OUTPUT 
SPECIFICATIONS 

Voltage Current Drawn 

Minimum Typical Maximum Tvpical 

9.950 10.000 10.050 30 mA 

V2 14.9 15.0 15.1 6 m A  

V3 14.9 15.0 15.1 6 m A  

v1 

The minimum-typical-maximum output voltage spec i f i ca t ions  include 

e f f e c t s  due t o  l i n e ,  load, and temperature va r i a t ions  i n  addi t ion  t o  i n i t i a l  

set t ing . 
3.2 POWER CONVERTER 

3.2.1 Descr i p t  ion 

Figures 3-2 and 3-3 show, respec t ive ly ,  a block diagram and a 

schematic diagram of t h e  power converter. This u n i t  i s  designed t o  supply 

a t o t a l  of 3 watts. The c i r c u i t ,  cons is t ing  of an input f i l t e r ,  a 

reference supply, a timing o s c i l l a t o r ,  and a power output stage,  comprises 

a s e l f - r egu la t ing  converter which combines the  functions of inversion, l i n e  

regulation, r e c t i f i c a t i o n ,  and f i l t e r i n g .  

The theory of operation of t h i s  c i r c u i t  can best  be described by 

r e f e r r i n g  t o  Figure 3-4. The bold l i n e  ind ica tes  t he  basic power handling 

portion of the  c i r c u i t .  Trans is tors  Q and Q, together a r e  a l t e r n a t e l y  1 

turned ON for  a period of t i m e  AT and OFF for  a period AT2. During AT1, 1 

the  input (l ine) voltage is  impressed across windings N of transformer 
P 

T and N of s a t u r a t i n g  transformer T An increment of energy s tored  i n  2 1 1' 

the  core causes the  p o l a r i t y  of the  vol tage  across Ns and N suddenly t o  
P 
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3 

I NOT(; EUMYNTI SHOWN ENCLOSED BY 
DOllrO LlNff ME CONTAINED IN 
FLAT PACK S W S I M I I L Y .  

T 

A -  ,,, 
C l l T H l U  CIP 0.012Z 

Figure 3 -3. Power Converter MPC-2 Schematic 

Q2 

O & 
0 1 

Figure 3 - 4 .  Basic Converter Circui t  Schematic 
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reverse. The reversed  p o l a r i t y  ac ross  N causes  a cu r ren t  flow through 

diode D i n t o  c a p a c i t o r  C and the  load.  The rate a t  which power is 

de l ive red  t o  t h e  load is  r e l a t e d  t o  t h e  r a t i o  AT /AT, of power swi tch  Q 

by c o n t r o l l i n g  t h i s  r a t i o ,  t he  output  vo l tage ,  Eo, can be r egu la t ed .  

P 

0 0 

1; 1 

The c i r c u i t ,  c o n s i s t i n g  of t r a n s i s t o r s  Q and Q t ransformer T and 

r e s i s t o r s  R and R comprises a s tandard  magnetically-coupled square wave 

o s c i l l a t o r .  The a l t e r n a t e  h a l f  cyc le s  of o s c i l l a t i o n  are not n e c e s s a r i l y  

equal.  The per iod  AT2, dur ing  which Q 

i s  determined by a f i x e d  re ference  vol tage ,  ER. 

vo l tage  can, i n  p r i n c i p l e ,  be made independent of input  vo l t age .  This i s  

2 3’ 1’ 

2 3’ 

conducts (and Q, and Q, are OFF),  3 
I n  t h i s  manner t h e  output 

shown i n  

For 

t h e  fol lowing equat ions  which assume i d e a l  c i r c u i t  components. 

1 transformer T 

(where 4 i s  s a t u r a t i o n  f lux )  - 24s N1 
8 S 

AT1 - 
x 10 E i n  

- 24s N2 
8 AT2 - 

ER x 10 

For t ransformer T2 

A@ N - 
- E x lo8  f l u x  change i n  T ) 

(where A4 i s  the  s teady  s ta te  

i n  2 

(3-1) 

(3 -2) 

(3-3) 

Combining t h e s e  equat ions  y i e l d s  
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NOTE: E is  independent of Ein. S 
N N1 

N2 P 
Eo = ( - - ) (F >ER 0 

Thus, as l i n e  vol tage increases ,  the  r a t i o  AT 1 2  /AT changes i n  such 

(3 -5) 

a manEr 

so  a s  t o  keep the  output vol tage constant .  

e s t ab l i shes  the  va r i ab le  ON time of Q,, var i e s  d i r e c t l y  with input vol tage.  

Switching frequency hence va r i e s ,  being a minimum a t  low l i n e .  

AT2 i s  f ixed and AT which 1’ 

The c i r c u i t  shown previously i n  Figure 3-3 was designed t o  operate  a t  

approximately 200 Hz a t  l o w  l i n e  (22 vdc). The re ference  vol tage,  which 

e s t ab l i shes  time AT2, i s  provided by a low-level s e r i e s  regula tor  cons is t ing  

of t r a n s i s t o r s  Q and Q 

r e s i s t o r s .  

second products appl ied t o  cores  T 

of the  bas i c  converter exh ib i t s  a small p o s i t i v e  increase  i n  the  output with 

increasing input l i n e  vol tage.  One reason is t h e  change i n  s torage  time of 

QI3 under varying l i n e  condi t ions.  

referenced supply, cons i s t ing  of t r a n s i s t o r s  Q, and Q 

and Rll, provides a means of temperature compensation. 

e s t ab l i shes  t h e  des i red  temperature c h a r a c t e r i s t i c .  

zener re ferences  Q, and Q,, and assoc ia ted  4 3’ 
Because of nonideal components which can r e s u l t  i n  unequal vo l t -  

and T2, t he  r egu la t ion  c h a r a c t e r i s t i c  1 

The add i t iona l  c i r c u i t r y  wi th in  the  

10 
and r e s i s t o r s  R 8’ 

Adjustment of R10 

The tuning o s c i l l a t o r  which provides t h e  va r i ab le  d r ive  pulse  t o  power 

switch Q13 i s  of s tandard design. A s t a r t i n g  r e s i s t o r ,  R2, a t  t he  base of 

e s t ab l i shes  r e l i a b l e  s t a r t i n g  a t  a l l  temperature condi t ions.  The Ql’ 

reference supply and t h e  timing o s c i l l a t o r  cons i s t  of in tegra ted  c i r c u i t  

devices.  The timing core is 1/8-mil Permalloy. Because of t he  required 

power level of 3 w a t t s ,  a d i s c r e t e  component t r a n s i s t o r  is  used fo r  the  

power switch.  
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The output transformer (and f i l t e r  r eac to r )  i s  of the  powder Mo- 

Permalloy type having a permeabi l i ty  of 160. 

blocked during t h e  ON t i m e  of Ql(AT1). The output capac i tors  de l ive r  

energy t o  t h e  load during t h i s  va r i ab le  per iod.  

output transformer de l ive r s  energy t o  the  load and recharges the  f i l t e r  

The output r e c t i f i e r s  are 

During the  t i m e  AT2, t he  

capac i tors .  Ripple vol tage i s  pr imar i ly  a funct ion of output capacitance 

and load. Microminiature ceramic capac i tors  and f i l t e r  chokes a re  used f o r  

f i l t e r i n g .  The r e c t i f i e r  connections shown i n  Figure 3-3 provide plus and 

minus output l e v e l s  t o  the  transducer and dc ampl i f ie r  regula tor  c i r c u i t s .  

The input f i l t e r ,  T1, C1, Cl0, Cll, and C24, l i m i t  t h e  amount of 

r i p p l e  fed back i n t o  the  source.  T i s  wound with spec ia l  r e s i s t a n c e  w i r e  1 
i n  order t o  dampen the  f i l t e r  response a t  i ts  resonant.frequency. Diode 

CR provides reverse  p o l a r i t y  p ro tec t ion  f o r  t he  converter .  
1 

Eff ic iency of the  o v e r a l l  u n i t  is  about 70 percent a t  an input of 28 

vdc. 

t r a n s i e n t  input vol tage l e v e l  of 50 V. The input f i l t e r  inductor T is the  

l a r g e s t  component i n  t h e  system. Its s i z e  is d i c t a t ed  by t h e  t r a n s i e n t  

Converter components are designed and/or r a t e d  t o  s u s t a i n  a maximum 

1 

s u s c e p t i b i l i t y  requirements. 

Figures 3-5 and 3-6 show the  physical  layout  of the  Model MPC-1 

Converter. Figure 3-5 shows the  converter wi th  the  cover a t tached i n  

isometr ic  form and a l s o  the  e l e c t r i c a l  interconnect ions between t h e  th ree  

bas ic  subassemblies. These a r e  the  pass ive  components, f l a t  pack assembly, 

and transformer and diode assembly, a s  shown i n  Figure 3-7 .  Figure 3-6 

is  an o v e r a l l  layout of the  converter and shows the  physical  i n t e r -  

connections between t h e  bas ic  components and t h e  p r in t ed  c i r c u i t  board. 

The p r in t ed  c i r c u i t  board is  used t o  perform the  majori ty  of interconnect ions.  

The p r i n t e r  interconnect ing pa ths  are shown a s  crosshatched areas  on the  

layout drawing. 
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Figure  3-7 is a d e t a i l e d  layout  of t h e  f l a t  pack l i d  assembly loca ted  

a t  t h e  t o p  cen te r  of t h e  converter  package, as shown i n  Figure 3-6. It 

shows t h e  p r i n t e d  c i r c u i t  board wi th  t h e  assembled t ransformer T T i s  

the  t iming  t ransformer used i n  t h e  magnet ica l ly  coupled square wave 

o s c i l l a t o r .  

C and C and r e s i s t o r  R and diode CR7. CR, R and CR a r e  wired 

i n  p a r a l l e l  t o  form t h e  base d r i v e  c i r c u i t  f o r  t h e  power output t r a n -  

s i s t o r  Q 

2 '  2 

Mounted on top  of T2 are two d i s c r e t e  ceramic capac i to r s ,  

4 5' 14 14' 7 

13' 

F igure  3-8 shows a top view of t h e  3/8 x 3/8 inch f l a t  pack used t o  

mount t h e  a c t i v e  components of t h e  conver te r .  It conta ins  output  t r a n s i s t o r  

Q13 and t h r e e  i n t e g r a t e d  c i r c u i t  ch ips .  The f i r s t  chip,  CS-OlA, c o n s i s t s  of 

t r a n s i s t o r s  and r e s i s t o r s  used t o  make up t h e  cu r ren t  swi tch  p o r t i o n  of t h e  

conver te r .  The second chip,  CA-01, c o n s i s t s  of MOS-type capac i to r s ,  C2 and 

C3, The t h i r d  chip,  VR-03, i s  t h e  vo l t age  r e g u l a t o r  used t o  supply V 

t o  t he  cu r ren t  switch t r a n s i s t o r  Q The black l i n e s  shown in te rconnec t ing  

t h e  t h r e e  i n t e g r a t e d  c i r c u i t  ch ips  and power t r a n s i s t o r  Q are gold w i r e s .  

The c o l l e c t o r  of Q i s  connected d i r e c t l y  t o  an  i s o l a t e d  pad i n s i d e  t h e  

package, as shown by t h e  drawing. Note t h a t  t h e  o ther  t h r e e  ch ips  a l l  use  

a common mounting pad. This pad is connected t o  t h e  COM connection of t he  

f l a t  pack, p ins  1 and 2.  

REF 

1' 

13 

13 

Figures  3-9 and 3-10, r e spec t ive ly ,  show t h e  e l e c t r i c a l  schematic and 

i n t e g r a t e d  c i r c u i t  assembly of t he  Voltage Regulator VR03. Dimensions on 

the  s i d e s  of t h e  phys ica l  layout  i n d i c a t e  o v e r a l l  s i z e  i n  thousandths of an  

inch. 

RlO, Rll, R7, and R 

shor ted  f u s e  l i n k s ,  o r  sho r t ing  out t h e  normally open l i n e s  by applying a 

b a l l  bond over t h e  s p e c i a l l y  made pad areas. 

6' A s  per  t h e  d i scuss ion  on vo l t age  r e g u l a t o r  adjustment, r e s i s t o r  R 

are made a d j u s t a b l e  by e i t h e r  blowing out  t h e  normally 4 
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F i g u r e s  3-11 and 3-12,  r e s p e c t i v e l y ,  show t h e  e lectr ical  schematic 

and p h y s i c a l  l a y o u t  of t h e  Converter  Switch CS-OlA. R e s i s t o r s  R 2, R3, Rg, 

and R are made a d j u s t a b l e  over  a range  of 1 0  p e r c e n t .  This is  accom- 

p l i s h e d  by e i t h e r  blowing out  t h e  normally s h o r t e d  f u s e  l i n k s  o r  s h o r t i n g  

out  t h e  normally open l i n k s ,  i n  t h e  same manner as mentioned f o r  t h e  VR03 

c i r c u i t .  

r e s i s t o r  R 

des ign .  

13 

Note t h a t  a l though t r a n s i s t o r s  Q,,, Q14, Q,,, and Q 

12  

and 16' 

are on the chip,  t h e y  are n o t  used i n  t h e  converter c i r c u i t  

The fo l lowing  photographs are inc luded:  

F i g u r e  3-13. Overall Package 

F i g u r e  3-14. Converter Test Board 

F i g u r e  3-15. F i l t e r  Subassembly 

F i g u r e  3-16. T2 Assembly 

F igure  3-17. I n t e g r a t e d  C i r c u i t  Module 

3.2.2 Summary of Measured Performance Data 

The output  of t h e  microminia ture  power c o n v e r t e r  is measured as a 

f u n c t i o n  of tempera ture  and i n p u t  v a r i a t i o n s ,  w i t h  nominal loading ,  i n  

Table 3-11. 
TABLE 3-11 

S e r i a l  No. 63 
-35OC 

21.954 
23.185 
23.642 

22.061 
23.265 
23.707 

15 e 945 
16.857 
17.195 

- ooc 

22.411 
23.373 
23.752 

22.494 
23.435 
23.802 

16.262 
16.979 
17.261 

- +25OC 

22.343 
23.367 
23.763 

22.423 
22.425 
23.810 

16.210 
16.967 
17.262 

+95OC 

22.302 
23.128 
23.468 

22.355 
23.163 
23.498 

16  154 
1 6  e 771 
17.024 
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TABLE 3-11 (Contd.) 

- 3 5 O C  

21.834 
23.217 
23.912 

21.924 
23.289 
23.977 

15.813 
16.830 
17.338 

S e r i a l  No. 966 

= 22 22.860 
= 28 23.675 
= 32 24.113 

= 22 22.903 
23.708 1 = 3 2  24.139 

= 22 16.593 
17.197 

= 32 17.518 

= 28 
v2 

= 28 

S e r i a l  No. 968 

= 22 22.765 
23.253 "1 = 32 23.502 

= 22 22.846 
23.297 1 = 3 2  23.528 

16.520 
16.873 
17.053 

= 28 

= 28 
v2 

Serial No. 967 

= 22 23.166 
Vl] = 28 23.689 

= 32 23.992 

- ooc 

21.750 
23.053 
23.701 

21.830 
23.114 
23.755 

15.736 
16.690 
16.165 

22.870 
23.551 
23.935 

22.910 
23.571 
23.947 

16.595 
17.090 
17.373 

22.865 
23.357 
23.613 

22.917 
23.380 
23.617 

16.572 
16.931 
17.115 

23.153 
23.686 
23.992 

+250c 

21.682 
22.833 
23.474 

21.650 
22.888 
23.523 

15.595 
16.517 
16.987 

22.781 
23.468 
23.881 

22.819 
23.487 
23.894 

16.525 
17.028 
17.334 

22.846 
23.344 
23.606 

22.893 
23.360 
23.607 

1 6  e 552 
16.915 
17.106 

23.076 
23.624 
23.992 

= 22 23.217 23.211 23.114 
= 28 23.722 23.716 23.643 v2i = 32 24 e 017 24.011 23 e 933 
= 22 16.817 16.813 16.745 

17.208 17.205 17.152 v31 = 32 17.432 17.430 17.373 

\ 'in 28 

+950c 

21.266 
22.473 
23.097 

21.322 
22.518 
23.133 

15.358 
16.256 
16.718 

22.492 
23.130 
23.598 

22.507 
23.135 
23.597 

16.298 
16.775 
17.121 

22.635 
23.197 
23 e 483 
22.673 
23.209 
23.482 

16.390 
16.803 
17.010 

23.004 
23.638 
23.893 

23.067 
23.655 
23 905 
16.678 
17.153 
17.343 
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Figure 3-12.  Converter Switch (CSOlA) Assembly 
Drawing 
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Figure 3-13. Converter Switch (CSOlA) Overall Package 
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Figure 3-14. Converter Switch Test Board 
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Figure 3-15. Converter Switch Filter Subassembly 
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Figure 3-16. Converter Switch T2 Assembly 
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~ 

Figure 3-17. Converter Switch Integrated Circuit 
Module 
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3 .3 REGULAT0R.S 

3.3 .1 Design Principles  

This section describes the  c i r c u i t  mechanization of the monolithic 

voltage regulators which follow the power converter. The following dis- 

cussion appl ies  t o  both the  VR34 and VR35, since the organization of' both 

c i r c u i t s  a re  similar. Figure 3-18 shows the  general c i r c u i t  approach used 

t o  meet the specif icat ions.  

Di f fe ren t ia l  amplifier,  A, maintains the junction of % and Rc a t  a 

reference voltage by control l ing the  base voltage of QA. 

regulators  use a r e s i s t o r  from the base of  the  se r i e s  regulating element, 

Conventional 

t o  the  posi t ive supply poten t ia l ,  V1. Instead, a preregulated PNP- 
Q A 
current generator replaces t h i s  r e s i s t o r  f o r  t he  following reasons: 

a )  For given b i a s  conditions, the dynamic co l lec tor  impedance of 
the current generator i s  considerably l a rge r  than a conven- 
t i o n a l l y  used r e s i s to r .  
d i r e c t l y  proportional t o  t h i s  impedance, i s  therefore increased. 

The feedback loop gain, which i s  

b) The preregulation aspect of  t h i s  current generator fu r the r  
i s o l a t e s  the  remaining c i r c u i t  f rom t h e  e f f ec t s  of  input l i n e  
voltage var ia t ions,  thereby increasing the  l i n e  regulation. 

Figure 3-19( a) shows the  preregulated PNP-current generator. The 

output current i s  controlled by the  voltage across RD, which i s  approxi- 

mately equal t o  the  voltage across %. 
junction of QD i s  used for temperature s tab i l iza t ion .  

base breakdown voltage o f  QE s t ab i l i ze s  the voltage across % and %, and 

therefore  regulates t he  output current against  changes i n  input l i n e  

The forward biased emitter-base 

The reverse emitter- 

voltage. 

A l a t e r a l  geometry, side-injection PNP transistor i s  used i n  the mono- 

l i t h i c  integrated regulator c i r c u i t  because of  the  re la t ive  ease i n  fabr i -  

cat ing the device i n  the  same substrate  with NPN transistors. However, 
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PRE-REGU LATED, PNP, 
CURRENT GENERATOR 

Figure 3-18. Gated Regulator Circuit Organization 
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Figure 3-19. Regulator Current Generator Schematic 
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t he  disadvantages of such a s t ruc ture  include low current gains (fl = 1 - 5 )  

and poor frequency response. Therefore, the  composite s t ruc ture  shown i n  

Figure 3-l9(b) i s  used i n  place of Qc because the  e f fec t ive  B of the pa i r  

i s  the  product of  the  B's o f  QF and &G. 
The fabr ica t ion  of the side-injection PNP t r a n s i s t o r  with buried layer  

ep i t ax ia l  techniques presents d i f f i c u l t i e s  i n  maintaining low substrate  

leakage currents  and low substrate  pa ras i t i c  RIP @Is. To circumvent these 

problems, the d i e l e c t r i c  i so l a t ion  process w a s  selected as the  appropriate 

technique for regulator  substrate  fabr icat ion.  A comnon substrate  type 

(MCD3) i s  used f o r  a l l  regulators.  Each regulator  c i r c u i t  type i s  fabr i -  

cated by applying unique r e s i s t o r  and interconnect masks t o  the  dielec- 

t r i c a l l y  i so la ted  MCD3 substrate.  

The VR34 schematic i s  shown i n  Figure 3-20. This same integrated 

c i r c u i t  i s  used as a gated regulator,  so it includes ex t ra  c i r c u i t  compo- 

nents which a re  not used i n  the  nongated case. 

Transis tor  Q monitors t he  voltage across the  r e s i s t o r  R5. Q1 i s  1 
normally of f ,  but during an overcurrent condition, Q1 w i l l  start t o  t u r n  

on, thereby turning off the current generator. This limits the  short  c i r -  

c u i t  current t o  a value approximately double the  nominal current level .  

Resistor %1 i s  included i n  the  composite PNP s t ructure  (Q6 and Q ) 7 
t o  minimize the  turn-off  time i n  the  gated application, 

t u r e s  Q8 and Qs are  used a s  roll-off capacitors t o  dynamically s t ab i l i ze  

the closed loop feedback c i r cu i t .  

T r a n s i s t o r  struc- 

Emitter follower, Q12, dr ives  the  se r i e s  

i s  connected t o  the  emitter of  Q12 t o  regulating t r ans i s to r ,  '13 R13 
s t a b i l i z e  and increase the  operating current of  Q12. 
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The emitter-base junction of Qll i s  reverse biased and used as a 

voltage reference diode. The typ ica l  parameter d i s t r ibu t ions  are 

BVBEo = 6.5 t o  9.5 vol t s  

mV = 3 t o 5 q  a B V ~ ~ ~  
3 

(3-6) 

(3-7) 

Resistive divider,  F$5 and R16, i s  adjusted t o  develop a voltage 

which i s  exactly equal and temperature coef f ic ien t  a t  the  base of Q 

opposite t o  t he  temperature coeff ic ient  of  t he  forward-biased emitter- 

l k  

base junction of  Q16. 

with respect t o  temperature. 

This es tab l i shes  the  base voltage of Q16 constant 

The regulator output voltage i s  then 

adjusted precisely t o  10.00 v o l t s  by increasing F$ 

allows the  output voltage temperature d r i f t  and offset  t o  be indepen- 

dent ly  selected,  thereby simplifying the adjustment procedure. 

This procedure 9' 

Table 3-11 ind ica tes  t yp ica l  performance data f o r  the VR34. The 

temperature performance i s  l imited only by the  nonl inear i t ies  and resol-  

u t ion  of  the r e s i s t o r  adjustments. 

e i t h e r  a 350 ohm o r  a 175 ohm transducer. For the  l a t t e r  case, care 

must be given t o  t he  package thermal charac te r i s t ics  t o  insure proper 

performance a t  -5'~. 

The c i r c u i t  was designed t o  drive 

Figure 3-21 shows the  assembly drawing of  the VR34 integrated c i r -  

c u i t  

date 

which incorporates t he  d i e l e c t r i c a l l y  i so l a t ed  MCD3 substrate.  

Qlo and Q13 a re  large geometry NPN transistors designed t o  accomo- 

the  60 mA load current demanded by the  175 ohm transducers. The 

l a t e r a l  geometry of t he  three types of  t r a n s i s t o r  s t ruc tures  a re  described 

i n  Section 6. 

0.8 mil  spacing. 

The ceme t  r e s i s t o r  l i n e  widths are  typ ica l ly  0.6 mil  with 

The metal l i n e  widths a re  1 m i l .  
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TABLF; 3-11. VR34 CHARACTERISTICS 

Power 30 mA Load 60 mA Load 

PD (diss ipated)  215 mW 

Po (output) 300 mW 

PI ( input)  515 mW 

5 (eff ic iency)  58% 

mV - s2- 
vo l t  avI 

- avo 300 aT 

395 mW 

600 mw 

995 mW 

60% 

The VR35 schematic i s  shown i n  Figure 3-22. This c i r c u i t  operates 

according t o  t h e  VR34 description. 

Table 3-111 indicates, t yp ica l  performance data  fo r  the  VR35. 

Figure 3-23 shows the  assembly drawing of the  VR35 integrated c i r c u i t  

which a l so  incorporates the d i e l e c t r i c a l l y  i so l a t ed  MCD3 substrate  with 

evaporated r e s i s t o r s  and aluminum interconnect. 
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Figure 3-21. VR34 Assembly Drawing 
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TABLE 3-111. VR35 CHARACTERISTICS 

PD (diss ipated)  - 110 mW 

Po (output) - 90 mW 

PI ( input)  - 200 mW 

5 (eff ic iency)  - 45% 

- 5 3 -  mV 
vo l t  avI 

@ +$This number can be reduced t o  500 oC 

o r  b e t t e r  by fur ther  adjustment. 
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4. INTEGRATED CIRCUIT TECHNIQUES 

4.1 PROCESSING 

Table 4-1 designates  the  type of processing used i n  each of the  

in t eg ra t ed  c i r c u i t  modules developed by TRW Systems. 

were developed and de l ivered  under Contract No. NAS9-4640. 

Items 1 through 8 

TABLE 4-1. PROCESSING TECHNIQUES USED I N  
TRW INTEGRATED CIRCUIT MODULES 

Item Name Subs t ra te  BLE DI MOS CR 

S W l I  MCD3 

Signal MCD4 
sCA42 I Modifier 

C A P !  CAOl 

vR34 MCD3 

vR35 MCD3 

CSOlA 1 m i  

VR03 I Power NDCl Converter 

CAOl 1 CAOl 

X X 

X X 

X 

X 

.X 

X X 

X X 

X 

where 

BLE = Buried Layer Epitaxy 
D I  E Dielectric I s o l a t i o n  

MOS c Metal-Oxide-Silicon 
CR = C e r m e t  (evaporated) Res is tors  

4.1.1 Buried Layer Ep i t ax ia l  Bipolar Trans is tors  

Figure 4-1 shows a buried layer  e p i t a x i a l  bipolar  t r a n s i s t o r  i n  c ross  

sec t ion .  
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EXITAXIAL LAYER 

NG MATERIAL 

Figure 4-1. Cross  Section of Buried Layer 
Epitaxial Trans is tors  

The buried layer  epitaxial processing technique is standard for 

TRW Systems and has  the following sequence (Note the numerical values 

given were used in fabricating the MCD1. 

1. Starting Material  3. 0 f 5Qcm P-type < l o o >  

2. Initial Oxidation 6-1 /2F Si02 (sodium light; 
= 13, 000 A thick) 

3. Photoresist  Buried Layer (Creates s tep in surface fo r  post 
N t  epitaxy identification) 

4. Oxidation 6-1/2F Si02 

5. Photoresist  Buried Layer (To expose a reas  for  buried layer 
N t  N t  collector diffusion) 

6. Buried Layer N t  Diffusion Sb, monitor wafer 3Qcm P-type 
sheet resistance 18Q/n ,  depth 
3. 5p 

7. Epitaxy 0 .60  f 0.15Slcm; 10 f Zp, N-type 

8. Ethyl Silicate Oxide 6 f 1 /2  F Si02 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Photo r e  s is t Is olat io n 
Pa t te rn  (Pt) 

Gate Isolation Diffusion 

Photoresist  Base 

Electrical  Isolation Test  

Base Diffusion 

Photoresist  Emitter 

Emitter Diffusion 

Final Oxide 

Photoresist  Metal Contact 
Pat tern 

Base Width Adjustment 
D iffu s ion 

To Provide electrical  isolated 
a r e a s  

N -propyl borate, sheet resistance 
5h2/0, depth 15p 

To expose base a r e a s  

To insure electrical  isolation, 
< l p a  leakage at 30V 

B2O3, sheet resistpnce 16OQ/O, 
depth 3. O p  s 9000 A Si02 grown 
during diffusion 

To expose emitter a r e a s  

P2O5, sheet resistance 3. 5Q/O, 
depth 1. 35 f 15 

16,000 A 
To expose electrical  contact 
a r e a s  

Adjust for  p = 100 f 20 

4.1.2 Dielectric Isolation Bipolar Transistors 

Figure 4-2 shows a dielectrically isolated bipolar transistor i n  cross 

section and Figure 4-3 i l lus t ra tes  the dielectr ic  isolation fabrication steps. 

The dielectr ic  isolation technique 

has the following processing sequence: 

1. Starting Material  

2. Initial Oxidation 

3. Photoresist  Isolation 

4. Silicon Etch 

5. Buried Layer N t  Diffusion 

used t o  fabricate the MCD3 substrates 

0. 6 f 15Qcm N-type < l o o >  
8 mils thick silicon 

6-1/2 f r in  e s  Si02 (sodium light; 
s 13, 000 f t h i c k )  

To provide dielectrically isolated 
a r e a s  

Etch (2-HF; 15-HNO3; 5-CH3COOH) 
to 25p depth 

Sb, monitor wafer 3R cm N-type, 
sheet resistance 18Q /a, depth 
3. 5p 
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6. Dielectric Oxide 16,000 A 

7. Poly Epitaxial Deposition Deposit = 6 mils,  < 0. 01Qcm 
N-type, polycrystalline silicon 

8. Parallel  Lap Lap = 1 mil off poly deposit to  
insure a flat and bump-free sur -  
face. Forms mounting surface for 
Step 9 

9. Isolation J i g  Lap and Lap off original substrate to 
Mechanical Polish expose islands of single crystal 

silicon, Final polish 0. 1p alumina 

10. Base Mask Oxide 11,000 A 
11. Photoresist Base To expose base a reas  

12. Base Deposition B2O2 sheet resistance 18OQ/O, 
dept 2. 5y 

13. Emitter Mask Oxide 11,000 A 
14. Photoresist Emitter To expose emitter a r eas  

15. Emitter Deposition P2O5, sheet resistance 3. 5Q/IJ, 

16. Final Oxide 16,000 A 
depth 2. 5 y  

17. Metal Contact Photoresist To expose device electrical con- 
tact areas  

18. Base Width Adjustment Adjust for beta = 100 
D iff u s ion 

Table 4-11 compares dielectrically isolated and buried layer epitaxial 

integrated circuits. 
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EMITTER BASE COLLECTOR 9 OXIDE LAYER 

OXIDE LAYER 

+ 

Figure 4-2. Cross Sect ion of D i e l e c t r i c a l l y  I s o l a t e d  Trans i s to r  

FABRICATION OF DIELECTRIC ISOLATION 

I. SILICON WAFER 3 . 0 X I D E  MASK 2. OXIDE LAYER 

REACTOR PROCESSING 

4. ETCH GROOVES 5. REMOVE OXIDE 
IN SILICON 

6. DEPOSIT N+ LAYER 

c- 
7. DEPOSIT OXIDE 8. DEPOSIT DIELECTRIC SUBSTRATE .9, REMOVE UNDESIRED MATERIAL 

(POLYCRYSTAL SILICON 1 

COMPLETED ISOLATED COLLECTOR REGIONS 

Figure 4 - 3 .  Dielectric I s o l a t i o n  Fabr i ca t ion  Steps 
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TABLE 4-11, COMPARISON O F  DIELECTRIC ISOLATION 
WITH CONVENTIONAL CONSTRUCTION 

Dielectr ic  Buried-Laye r 
Isolat ion E pit axial Item 

- ~~ ~ 

Number of Process ing  Steps Few Many 

Potential Yield High Moderate 

Quality of Semiconductor Same as start- Subject to 
Active Body ing wafer Epitaxial p rocess  

variation 

Worst  Case  Impurity Short, low- Long, high temp. ,  
temp. ,  shallow deep junctions 
junctions 

Thermal  Proper t ies  Moderate 1 Good 

Isolation: 
Breakdown Voltage U nl imit e d Limited 
C apacit anc e Low High 
Space-Charge Field Low High 
Leakage Current  Low Moderate 

Parasitic Trans i s to r  Action Nonexistent Design problem 
with Substrate 

Trans is tor  Per formance  As good as Not as good 
(General)  dis c r e t  e 

t rans is tor  

Trans is tor  Collector 
Ser ies  Resis tance 

Low Moderate 

General Integral Circuit  Good Good 
Compatibility 
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4.1.3 MOS Capacitors 

Figure 4-4 shows a dielectr ical ly  isolated MOS capacitor structure i n  

cross section. Note that  the oxide layer over the N+ region is thin 

(1200 61> compared w i t h  t he  passivation layer (13,000 8). 

THICK OXIDE 

OXIDE LAYER 

Figure 4-4. A Cross  Section of a n  MOS 
Capacitor Structure 

The s t ructure  is fabricated with the following processing sequence. 

1. Starting Mater ia l  0. 6 f 15 ohm-cm N-type < loo>  
8 mils thick silicon 

2. Initial Oxidation 6 - 1 / 2  fringes SiO2, = 13, 000 A 
thick 

3. Photoresis t  Isolation To provide dielectrically isolated 
a r e a s  

4, Silicon Etch Etch (2-HF; 15-HNO3; 5-CH3COOH) 
to 25 microns depth 

5. Buried Layer N t  Diffusion Antimony, monitor wafer 3 o h m -  
cm N-type, sheet res is tance 
18 ohms/sq . ,  depth 3.5 microns 

6. Dielectric Oxide 16,000 A 
7. Poly Epitaxial Deposition Deposit = 6 mils, <O. 01 ohm-cm 

N-type, polycrystalline silicon 
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8. Parallel  Lap 

9. Isolation Jig Lap 
and Mechanical Polish 

10. N t  Mask Oxide 

11. Photoresist 

12, Nt Deposition 

13. Photoresist Capacitor 
and Contacts 

14. Grow Si02 Dielectric 

Lap = 1 mil off poly deposit to 
insure a flat a bump-free surface. 
Forms mounting surface for Step 9. 

Lap off original substrate to 
expose islands of single crystal. 
Final polish 0.1 micron alumina. 

11,000 A 
To expose Nt area 

N-type, 2. 5 ohm/square 

Defines capacitor and contact a rea  

1200 A of si02 

15. Photoresist Contacts To expose silicon for counter 
electrode contact. 

500 A titanium and 6000 A of 
a1 um inum 

16. Deposit Metallization 

17. Photoresist Metal D efines electrodes 

18. Metal Sinter Forms ohmic contact to Nt 
silicon for counter electrode 

4.1.4 Resistors 

Figure 4-5 shows a thin film evaporated cermet resistor with 
metallization in c ross  section. A buried layer epitaxial substrate is 

. assumed. Note the cermet resistor is also used with the MCD3 dielec- 
t r icall y i sol at e d s ub s t rat e. 

The processing sequence which follows includes all of the surface 
processing used on a monolithic compatible integrated circuit. 

The resistors a r e  fabricated as follows: cermet (Cr:SiO) is evap- 

orated over the wafer giving a sheet resistivity of 300 ohms per square. 

Photoresist is applied and developed to mask the desired resistor areas.  
The excess cermet (Cr:SiO) is etched away, leaving resistors. These 

resistors a r e  then connected into the circuit by the metallization step. 
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THICK OXIDE 

I 

N TYPE 
EPITAXIAL LAYER 

Figure 4-5. Cross  Section of Cermet  Resistor 

After the substrate  (epitaxial o r  isolated) has been processed and 

the circuit  contact' holes etched, 

1. Metallizing I Vacuum deposit 600 of titanium 
and aluminum of 0. 02 ohms/square 
sheet res is tance 

2. Metallization I Sinter Heat t reatment  to  insure low 
resis tance ohmic contact to sili- 
con 

3.' Metallization I Etch 

4. Cermet  Deposition C r: Si0 she et res is tance 
300 f 10 ohm/sqFare,  
thickness = 300 A 

5. Photoresis t  Cermet  To leave desired cermet  for 
r e s i s to r s  

6. Metallizing 11 Identical to Metallizing I, except 
for  aluminum cfeposition sheet 
res is tance of 0. 04  f 0. 01 
ohm/ square 

7. Photoresis t  Metallizing 11 To leave desired metal  fo r  
inter connections 

8. Metallizing I1 Sinter Heat treatment t o  insure low 
resis tance ohmic contact to 
cermet  

9. Wafer Electr ical  Function 
Tes t  
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4.2 DEVICES 

The following is  a b r i e f  desc r ip t ion  of t he  in tegra ted  devices used 

i n  the  TRW modules. 

4.2.1 

Figure 4-6 shows the MCDl assembly drawing. This subs t r a t e  is f a b r i -  

ca ted  with the  buried layer  e p i t a x i a l  technique. The clear area around the  

t r a n s i s t o r  c l u s t e r  is ava i l ab le  f o r  r e s i s t o r s ,  interconnections, and bonding 

pads. Crossunders are provided s p e c i f i c a l l y  i n  four loca t ions  and generally 

i n  any of the  t r a n s i s t o r  pos i t ions .  A t r a n s i s t o r  s t r u c t u r e  can be used a s  a 

t r a n s i s t o r ,  diode, capacitor,  o r  crossunder, a s  determined by the placement 

of t he  contact holes i n  the  oxide, aluminum interconnection, and appl ica t ion  

of t h e  c i r c u i t .  The CSOlA and vR03 c i r c u i t s  use t h i s  subs t r a t e .  

Figure 4-7 shows the  t r a n s i s t o r  lateral  geometry i n  d e t a i l .  Note t h a t  

the  smallest  mask spacing is 0.25 m i l .  

4.2.2 MCD3 

Figure 4-8  shows t h e  MCD3 assembly drawing. This subs t r a t e  i s  f a b r i -  

cated with d i e l e c t r i c  i s o l a t i o n  t o  eliminate t h e  dc subs t r a t e  p a r a s i t i c s  

associated with the  P W  t r a n s i s t o r s .  The VR34 and VR35 voltage regula tor  

c i r c u i t s  use t h i s  subs t ra te .  

Five types of t r a n s i s t o r s  a r e  included i n  t h e  MCD3. These are:  

a) Low Current WN. Shown i n  Figure 4 - 9 .  This t r a n s i s t o r  i s  used 
i n  a l l  NPN pos i t ions  except fo r  t h e  regula t ing  element i n  the  
pos i t i ve  supply l i n e  and t h e  switch i n  the  negative supply l i n e .  
Nominal hFE of 100 a t  IC = 5 mA i s  typ ica l .  This device is  a l s o  
used as forward biased diodes and reverse biased emitter-base 
diodes (voltage re ference) .  

b) High Current WN. Shown i n  Figure 4-10. This t r a n s i s t o r  i s  used 
as the  regula t ing  element i n  the  pos i t i ve  supply l i n e  and t h e  
switch i n  the  negative supply l i n e .  Nominal h m  of 100 a t  IC 
60 mA is  typ ica l .  
t y p i c a l l y  less than 15 ohms. 

Collector p a r a s i t i c  bulk res i s tance ,  r;, is  
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Scale 4OO:l 

Figure 4-7. Multi-Circuit D i e  (MCD1) Transistor 
Lateral Geometry 
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PNP Test Ransis tor  

. .. 

I 
I 

F.igure 4-8. Multi-Circuit Die (MCD3) 
Assembly Drawing 
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Scale 500:l 

Figure 4-9. NPN Low Current wCD3) Transistor Lateral  Geometry 
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Scale 500:l 

Figure 4-10. NPN High Current mCD3) Transistor Lateral Geometry 
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c) Lateral Geometry PNP. Shown i n  Figure 4-11. This t r a n s i s t o r  is 
used ( in  a composite configuration) as a constant cur ren t  
generator and as a cur ren t  monitor f o r  sho r t  c i r c u i t  protection. 
Nominal hFE of 2 a t  IC = 100 rJA i s  typ ica l .  

d) NPN Test Trans is tor .  Shown i n  Figure 4-12. This t r a n s i s t o r  i s  
used pr imar i ly  fo r  device check before meta l l iza t ion .  

e) PNP Test Transistor.  Shown i n  Figure 4-13. This t r a n s i s t o r  is  
used pr imar i ly  f o r  device check before meta l l iza t ion .  

Figure 4-14 shows a spec ia l  metal t r a n s i s t o r  t e s t  p a t t e r n  used with 

t h e  MCD3 subs t r a t e .  

4.2.3 MCD4 

Figure 4-15 shows the  MCD4 s u b s t r a t e  used i n  the  S a 4 1  and SCA42. This 

subs t r a t e  is fabr ica ted  with buried layer  epitaxy. 

4.2.4 (2401 

The C A O l  i s  shown i n  Figure 4-16. Eight separa te  capac i tors  a r e  

ava i lab le .  The s i x  l a rge  sec t ions  are approximately 50 pF each. The 

two small sec t ions  are 14 pF each. Fuses i n  t h e  metal interconnect can 

be blown out t o  lower t h e  capacitance values. Each of t h e  e ight  capacitors 

has subsections weighted i n  a binary r a t i o  of 8:4:2:1. See Section 4.2.5 

about t h e  descr ip t ion  of t he  fuse-adjustment technique. 

4.2.5 Resistors 

Res is tors  1 K ohms or l a r g e r  are 2 0.6 m i l  wide and exhib i t  the 

following cha rac t e r i s t i c s :  

Absolute Tolerance - + 20% 

Relative Tolerance (on wafer) - + 10% 

Ratio Tolerance (adjacent r e s i s t o r s )  - + 1% 

Ratio Tolerance (nonadjacent r e s i s t o r s )  ,+ 2.5% 

Maximum Absolute Temperature Coefficient 

Maximum Tracking Temperature Coefficient 

200 ppm/OC 

10 ppm/OC 

Figure 4-17 shows the  geometry of a typ ica l  r e s i s t o r  adjustment fuse 

l i nk .  Probes are placed on the  m e t a l  interconnect and current is passed 
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Scale 500:l 

Figure 4-11. PNP (MCD3) Lateral Geometry 
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Scale 500:l 

Figure 4-12. NPN (MCD3) Test Transistor 
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Figure 4-13. PNP (MCD3) Test Transistor 
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Figure 4-14. Photograph of MCD3 with TA03 
Test Pat tern 
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Figure  4-15.  MCD4 Subs t r a t e  
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METAL SHORT1 NG 
LINK WHICH CAN 
BE EVAPORATED 

PLAIN SILICON SUBSTRATE 

Figure 4-17. Typical Geometry of Adjustable 
Feedback R e s  is t o r  
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through t h e  metal. 

a photograph of a fuse  l i n k  before and a f t e r  probing. Note haw the  aluminum 

It m e l t s  and opens t h e  shor t ing  l i nk .  Figure 4-18 is 

melts and leaves a c lean  break i n  t h e  interconnection pa t te rn .  

4.3 PACKAGING 

Only the  packaging of t h e  TRW in tegra ted  c i r c u i t  modules is considered 

i n  t h i s  sec t ion .  

4.3.1 Packages 

The following drawings specify the th ree  types of packages used. 

Figure 4-19: (1/4" x 3/8") f l a t  pack - Used fo r  the  VR34, VR35, 
SCA41, SCA42, and C A O 1  

Figure 4-20: (3/8" x 3/8") f l a t  pack - Used i n  the  power 
converter 

4.3.2 D i e  Attachment - Wire Bonding - Package Sealing 

Two types of d i e  attachment techniques were incorporated: 

a) Thermal Bond - Using an AuSi a l l o y  as the  bonding 
agent (GTR, GMR, MMl, LSGO5) 

b) Conductive Epoxy C e r m e t  - Using DuPont S i lve r  
preparation, Elec t ronic  Grade 5504-A, 
A high temperature epoxy (power 
converter f l a t  pack) 

The thermal bond is the  prefer red  technique for  e s t ab l i sh ing  a r e l i a b l e  

d i e  attachment. The conductive epoxy is  used only i n  appl ica t ions  i n  which 

the  d i e  must p o t e n t i a l l y  be ex t rac ted  and replaced i n  multi-die packages. 

Thermal compression ballbonding with 1.5 m i l  gold w i r e  is used for  

wire attachment. Sealing is  accomplished using a gold a l loy  so lder  i n  an 

i n e r t  atmosphere. 

4.4 NEW TECHNOLOGY 

This cont rac t  d id  not requi re  the  development of any new technology. 
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Figure  4-18. Photograph of Fuse Link 
Oper a t  ion 
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D2 
0.017" f 0.00 

\ 

0.320" MAX 
IPp0.200'' M I N T 4  k 0 . 0 2 5 "  -k - 0 0.005" .o 10" 

7/32" f 1/32" 

'0.047" DIA HOLE + 0.003" BOTH ENDS / C0.020" - 0.004" 

f 
0.010" f 0.0005" 

SECTION A A  

I 
0.004" f 0.0005" 

D2 

Figure 4-19. 1/4" x 3/8" F l a t  Pack Drawing 
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5. TESTING 

7 

5.1 GENERAL 

dc A$/&& - 

The purpose of this test procedure is to outline a sequence of functional 

I 

I 
3 11 

tests to verify compliance with the contract specifications. The tests and 

results demonstrate the performance of the Signal Conditioner modules. 

A multipurpose printed circuit board is used to interconnect the micro- 

electronic modules. Figures 5-1 and 5-2 show typical amplifier and power 

source cards, respectively. Table 5-1 shows the board pin connections. Ten 

amplifier cards and five power source cards comprise the contract hardware 

delivery items. 

Refer to Appendix A for the performance specification test criteria 

5.2 TEST DESCRIPTION 

Tests 1, 2, and 6 are performed at five temperatures: -35'C/-30°F, 

The .eight functional -18°C/00F, +25°C/+750F, +71°C/+160F, +95°C/+2000F. 

steps are: 

Function #l 

The amplifier dc output voltage offset and output noise is 
measured with the test connection shown in Figure 5-3. 
fier input is internally biased to ground, so the source configura- 
tion is a floating 360-ohm resistance, as specified. The amplifier 
output is connected to a dc digital voltmeter and an oscilloscope 
with a 15 MHz pass band. 

The ampli- 

The amplifier is temperature cycled from -35OC to +95OC. The 
output voltage is recorded together with the peak-to-peak noise. 
The oscilloscope simultaneously monitors the amplifier dynamic 

9 
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Figure 5-1. Photograph of Amplifier Assembly 
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Figure 5-2. Photograph of Power Source Assembly 
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TABLE 5-1. PRINTED CIRCUIT BOARD PIN CONNECTIONS 

Pin Desimation 

12 

14 
15 
16 
17 
18 

21 
22 

Correction 

Converter input common ( - ) 
Converter input (+28 volt) 

Converter output ( + ) (23 volts) 
Converter output ( - 

Converter output ( - 1’ 
Converter output ( + ) )(23 volts) 

’1 
(16.5 volts) 

Converter output ( + ) 
Converter output ( - ) 
m4 output ( +lo volts) 

VR35 Output ( +15 volts) 
Ground monitor 
VR35 Output ( -15 volts) 
Ground 
Amplifier Output 

Amplifier Input - B 
Amplifier Input - A 
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Eunct ion  f 2  

The ampl i f ie r  dc gain i s  measured with the  test  connection shown 
i n  Figure 5-4. A prec is ion  d iv ide r  a t t enua te s  t h e  input s igna l  allowing 
the  input to be measured a t  a high l eve l .  The low impedance a r m  of t he  
d iv ider  i s  chosen t o  insure t h a t  t h e  amplifier input impedance does not 
s i g n i f i c a n t l y  load t h e  d iv ider .  

The dc d i g i t a l  voltmeter monitors e i t h e r  t h e  input o r  output as 
determined by t h e  c a l i b r a t e  switch, 
t o  t h e  r e s i s t ance  d iv ider  and t h e  output voltage of the  amplifier 
allows t h e  amplifier dc gain t o  be calculated,  assuming t h e  r e s i s t a n c e  
d iv ider  i s  s u f f i c i e n t l y  accurate.  The ga in  i s  measured from zero to 
f u l l  scale output. The amplifier output impedance is measured (or 
shown to be less than t h e  spec i f i ed  value) by loading the  amplifier 
output v i a  S4 and measuring the  r e s u l t i n g  change i n  output voltage.  

SQA. Measuring the  input voltage 

Figure 5-4. DC Gain Output Impedance 
Measurement 
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Function #3 

The amplifier l inear i ty  is  measured with the test connection shown 
i n  Figure 5-5. The dc source is  f i r s t  s e t  a t  0 volts.  The DC Digital  
Meter then indicates the amplifier offset ,  which is recorded. 
the DC Signal Source i s  s e t  t o  +5.0 volts.  The potentiometer i s  then 
adjusted s o  the DC Digital  Meter reads the offset  value previously 
recorded. The DC Signal Source is then set for  +1, +3, +4, -1-5 volts,  
e tc .  
offset  i s  the deviation from l inear i ty .  

Next, 

The deviation the DC Digital Meter reads from the original 

Figure 5-5. Linearity Measurement 

5-6 



Function #4 

The ampl i f ie r  frequency response is measured with t h e  test 
connection shown i n  Figure 5-6. A prec is ion  d iv ider  a t t enua te s  t h e  
input s igna l  allowing the  input t o  be measured a t  a high level. 
l o w  impedance arm of the  d iv ider  i s  chosen t o  insure  t h a t  t h e  amplifier 
input impedance does not s i g n i f i c a n t l y  load t h e  d iv ider .  

The 

The DC D i g i t a l  Voltmeter monitors e i t h e r  t h e  input o r  output as 
determined by t h e  c a l i b r a t e  switch, S ~ A .  Measuring t h e  input voltage 
t o  t h e  resistive d iv ider  and t h e  output vo l tage  of t he  amplifier allows 
the  ampl i f ie r  ac gain t o  be ca lcu la ted  as a func t ion  of frequency, 
assuming the  resistive d iv ider  is s u f f i c i e n t l y  accurate.  
vo l tage  swing is set t o  5 1 v o l t  t o  insure  l i n e a r  operation i n  t h e  
negative d i r ec t ion .  
on t h e  oscil loscope by increasing the  ac input s igna l  u n t i l  both 
p o s i t i v e  and negative l i m i t i n g  occurs. 

The output 

The ampl i f ie r  output swing l i m i t s  can be observed 

Figure 5-6. Frequency Response Measurement 
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Function #5 

The common-mode r e j e c t i o n  is measured with t h e  test  connect ion 
shown i n  Figure 5-7. 
c a l i b r a t e  switch, S333, is i n  the  up pos i t i on  and i s  set t o  a 2 1 v o l t  
amplitude. 
put and a reading taken. These measurements allow the  common-mode 
gain t o  be ca lcu la ted .  
t h e  d i f f e r e n t i a l  mode gain t o  the  common-mode gain. 

The ac s igna l  source is monitored when t h e  

The S3B switch is then set t o  monitor t he  ampl i f ie r  out-  

The common-mode r e j e c t i o n  is  t h e  r a t i o  of 

Figure 5-7. Common-Mode Rejection Measurement 
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Function #6 

The input r e s i s t a n c e  m easurement i s  made with t h e  connection 
shown i n  Figure 5-8. Making the  assumption t h a t  t he  ampl i f ie r  input 
r e s i s t a n c e  is dominated by t h e  b ias ing  r e s i s t o r s  which are connected 
from each input t r a n s i s t o r  base t o  ground, t h e  input r e s i s t a n c e  is 
simply made wi th  an  ohmmeter (the ampl i f ie r  power i s  OFF). 
and B are se l ec t ed  by switch S5. 
ac tua l  ampl i f ie r  input r e s i s t ance  is  more than five-hundred t i m e s  t h e  
biasing r e s i s t o r  impedance. 
input impedance r e f e r s  t o  t h e  sum of R i n - ~  and Rin-B. 

Sides A 
This assumption i s  v a l i d  s ince  t h e  

Note t h a t  t h e  spec i f i ed  d i f f e r e n t i a l  

Figure 5-8. Input Impedance Measurement 
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Functions $7, #8, and #9 

Figure 5-9 shows the connection for making measurements of the 
transducer excitation voltage and amplifier supply voltages. 
DC Digital Meter measures the voltages as a function of temperature 
and input battery voltage. The oscilloscope is used to measure the 
peak-to-peak noise. 

The 

Figure 5-9. Power Source Voltage Measurements 
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5.3 TEST UNIT DESCRIPTION 

Figures 5-10 and 5-11 show the  f ron t  and back views, respectively,  of 

the Signal Conditioning Amplifier and the  Power Source Test Unit. 

5-12 shows the  test set connections. Figure 5-13 shows the  test  set wiring. 

Figure 

The following describes the  function of t he  test un i t .  

5.3.1 Front Panel 

1) Power - A power supply is  included i n  the  tester t o  convert 110 

The power switch in t e r rup t s  t he  vol t s /60  Hz ac t o  +28 v o l t s  dc nominal. 

110 vol t /60  Hz ac  input. 

is turned on. A switch labe les  (22, 32, 28) allows the  operator t o  s e l e c t  

t he  spec i f ied  tolerances on t h e  +28 v o l t s .  

t o  t h e  power source, can be monitored on t h e  terminals marked Ein i n  the  

I n t e r n a l  Connections section. 

An indica tor  l i g h t  i s  turned on when the  test  u n i t  

This voltage, which is  the  input 

2) Controls - A r o t a r y  switch labeled "Module Select" selects the  

power source t o  be energized and the  amplifier t o  be measured. 

switch labeled "Function" selects t h e  measurements t o  be performed. 

toggle switch, Rin, selects t h e  A o r  B s i d e  of t h e  amplifier input t o  

measure t h e  input impedance. 

t o  select a measurement of e i t h e r  t h e  input or  output of the  amplifier i n  

the  gain and CMR measurements. 

load on t h e  amplifier output. 

amplifier output impedance. The 50 K and open c i r c u i t  pos i t ions  a re  

spec i f ied .  

The r o t a r y  

The 

The "Normal-Calibrate" toggle switch is used 

The % toggle switch selects t h e  r e s i s t i v e  

The 10 K pos i t i on  i s  used t o  check the  

3) Linear i ty  Cal ibra te  - These controls a r e  used t o  c a l i b r a t e  t he  

l i n e a r i t y  measurement fo r  a +5 v o l t  input voltage. Separate cont ro ls  a r e  

provided fo r  t h e  two gains. 
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Figure 5-13. T e s t  Se t  Wiring 
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4 )  Internal Connections - This section provides terminals for monitor- 
The Ein terminals monitor the input voltage 

The Iin terminals monitor the voltage across a one-ohm 

ing specific internal voltages. 

to the power source. 

resistor which is in series with the power source input. This allows 

measurement of the input current to the power source. 

The following terminals are added for convenience 

conduct specification tests. The V terminals monitor 

excitation voltage. Vcc and VEE terminals monitor the 
T 

and are not needed 

the transducer 

to 

positive and negative 

amplifier supply voltages, respectively. The "Amp. Out" terminals monitor 

the output of the amplifier. The "Amp. In" connector provides access to the 

amplifier input when the shielded connector at the back of the test unit is 

inserted into the R receptacle. in 

5) Test Equipment - This section is used to connect the. test unit to 
the measurement equipment. The suggested instruments are: 

Oscilloscope: Tektronix Model 5458, or equivalent, plus 
a preamp 25 mV per centimeter sensitivity 
and a 15 MHz bandwidth. (Tektronix CA or 
equivalent . ) 

AC-DC Meter: Hewlett-Packard Model 2401 Dymec Integrat- 
ing Digital Voltmeter with converter, 
or equivalent. 

Ohmmeter : Any ohmmeter which will measure 50 K to 
100 K ohms within 10%. 

6) Inputs - The test unit signal generators are connected into this 
section. The suggested instruments are: 

DC Source: Kite1 Model 303, or equivalent. 

AC Source: Hewlett-Packard Model 202C, or equivalent. 

5.3.2 Rear 

The input of each of the ten amplifiers in the card file are connected 

to the test unit through individually shielded cable and connectors. Each 
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input connector is held in standby in the numbered row of mating connectors 

shown in Figure 5-10. 

but provide orderly mechanical support for the unused amplifier input 

connectors.) 

out of the numbered mating connector and inserted in one of the following 

(These mating connectors serve no electrical purpose, 

The input connector of the amplifier to be measured is taken 

mating connectors. 

1) Offset: 

2) 1000 Gain: 

3) 50 Gain: 

4 )  (=M: 

5) Rin: - 

For amplifier output offset measurements. 

For gain, linearity, and output impedance 
measurements for a gain of 1000 amplifier. 

For gain, linearity, and output impedance 
measurements for a gain of 50 amplifier. 

For common-mode rejection measurements. 

For input impedance measurements. 

All interconnections other than the amplifier inputs are made through two 

multi-pin connectors, as shown. 

5.4 TEST PROCEDURE 

Place the card file in a temperature controlled dehumidified chamber 

and connect it to the test unit. Connect the specified signal generators 

and test instruments to the test unit. Connect the test unit to 110 volt 

ac/60 Hz power with the ON-OFF switch in the OFF position. Start with the 

"Module Select" switch in position 1, the "Normal-Calibrate" switch in the 

Calibrate position, % set to 50 K, and the input voltage selected at +28 
volts. 

First, take all the measurements at room temperature, +25OC, then the 
0 appropriate measurements at -35 C, -lO°C, +7loC, and +95OC (not all tests 

are made over the full range). Record all the data. 
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5.4.1 Amplifier Output Offset  and Noise 

Connect the  input of ampl i f ie r  #l t o  the  o f f s e t  
connector. 

Turn ON the  test  un i t  and allow the  modules t o  warm 
up f o r  a t  l e a s t  t e n  minutes. 

Take a peak-to-peak no i se  measurement and record. 

Read t h e  DC D i g i t a l  Meter and record the  amplifier 
o f f s e t .  

Set t he  input voltage t o  +22 v o l t s  and record t h e  
amp 1 i f  ier  o f f s e t  . 
Set t h e  input voltage t o  +32 v o l t s  and record the  
ampl i f ie r  o f f s e t .  

Turn t h e  power o f f .  

Set t h e  "Module Select" switch t o  pos i t i on  82.  

Return t h e  input of amplifier #l t o  connector f l  
and place the  input of ampl i f ie r  #2 i n to  t h e  o f f s e t  
connector. 

Turn ON t h e  test  u n i t  and allow t h e  modules t o  warm 
up f o r  a t  l e a s t  t e n  minutes. 

Take a peak-to-peak noise  measurement and record. 

Read t h e  DC D i g i t a l  Meter and record t h e  amplifier 
o f f s e t .  

Set t he  input voltage t o  +22 v o l t s  and record the  
ampl i f ie r  o f f se t .  

Set t h e  input vo l tage  t o  +32 v o l t s  and record the  
ampl i f ie r  o f f s e t .  

Turn t h e  power o f f .  

Repeat t h e  above f o r  ampl i f ie rs  #3 through # l O .  

5.4.2 Amplifier DC Gain - Ro 

1) With t h e  power o f f ,  set the  "Module Select" switch 
t o  pos i t i on  #l and the  "Function" switch t o  
p o s i t i o n  f 2 .  

2) I n s e r t  t he  input of ampl i f ie r  ?!!l i n t o  the  1000 
gain connector. (NOTE: Amplifiers #l through 
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3) 

4 )  

5) 

#5 are a gain of 1000. 
through #lo, which are gain of 50, the  inputs 
should be inser ted i n t o  the 50 gain connectors.) 

Upon t e s t i n g  amplifiers #6 

Set the "Normal-Calibrate" switch t o  Calibrate,  
the RL switch t o  open, and t h e  input voltage switch 
t o  +28. 

Set the  DC Signal Source t o  zero v o l t s .  

Turn ON the test uni t  and allow modules t o  warm up 
f o r  a t  least 10 minutes. 

Set the "Normal-Calibrate" switch t o  Normal. 

Record the amplifier output voltage. 

Set the "Normal-Calibrate" switch t o  Calibrate 
and set the Signal Source t o  +1.000 vol t .  Record 
the actual  input voltage. 

Set the  "Normal-Calibrate" switch t o  Normal. 

Record t h e  amplofier output voltage. 

Repeat above procedure for  4-3 volt ,  +4 vol t ,  and 
+5 vol t  inputs. 

With the  input voltage set a t  +5.000 vol t s ,  switch 
% t o  10 K. 

Record t h e  amplifier output voltage. 

From t h e  zero and fu l l - sca le  f ive-vol t  input increments, 
ca lcu la te  the amplifier dc gain and record. 

From the measurements a t  one v o l t  input increments, 
ca lcu la te  the deviation from perfect  l i n e a r i t y  and 
record. 

From the  measurement of the fu l l - sca le  output voltage, 
with open c i r c u i t  and 10 K ohm load, calculate  t h e  
output impedance as follows: 

AV = change i n  f u l l - s c a l e  output voltage from 
no load t o  10 K ohm load, expressed i n  
v o l t s  . 

Turn power off .  
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18) Set "Module Select" switch and connect ampl i f ie r  
input appropriately and repeat a l l  of above for 
ampl i f ie rs  #2 through 1/10, 

5.4.3 Linear i ty  Measurements 

With the  power o f f ,  set the  "Module Select" switch 
t o  pos i t i on  #1 and the "Function" switch t o  
pos i t i on  f 2 .  

I n s e r t  t h e  input of ampl i f ie r  #l i n t o  the  1000 gain 
connector. (Note: Amplifiers #1 through #5 a r e  a 
gain of 1000. Upon t e s t i n g  ampl i f ie rs  #6 through 
#lo, which a r e  a gain of 50, t h e  inputs should be 
in se r t ed  i n t o  t h e  50 gain connector.) 

Set t h e  DC Signal Source t o  zero v o l t s .  

Turn ON t h e  test  uni t  and allow modules t o  warm up 
f o r  a t  least 10 minutes. 

Read and record the  DC Dig i t a l  Meter reading. 

Set t h e  DC Signal Source t o  +5.0 v o l t s .  

Adjust t h e  "Linearity Calibrate' '  cont ro l  so tha t  
t he  DC D i g i t a l  Meter reads t h e  o f f s e t  recorded i n  
5) 

Set t h e  DC Signal Source from -3 t o  +8 v o l t s  i n  
one v o l t  stops.  Read and record meter reading i n  
each case. 

Subtract from each recorded reading t h e  o r ig ina l  
o f f s e t  reading. The r e s u l t  is the  devia t ion  from 
l i n e a r i t y .  

5.4.4 Amplifier Frequency Response 

With t h e  power o f f ,  set t h e  "Module Select" switch 
t o  pos i t i on  #l and the "Function" switch t o  
pos it ion  #3. 

I n s e r t  t h e  input of amplifier #l i n t o  the  1000 gain 
connector. (Note: Amplifiers P1 through #5 are a 
gain of 1000. 
1/10, which a r e  gain of 50, t he  inputs should be 
in se r t ed  i n t o  t h e  50-gain connectors .) 

Upon t e s t i n g  ampl i f ie rs  8 6  through 

Set the  "Normal-Calibrate" switch t o  Cal ibra te ,  t h e  

switch t o  +28. 
switch t o  50 K ohms, and the  input voltage 
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4 )  Set  tlic AC Sigtxil Source t o  2 v o l t s  peak-tn-peak 
ampIittide (0.707 V r m s  on AC Voltmeter),  a n d  100 Hz. 

5) Turn ON the tes t  u n i t .  

6) Se t  t h e  "Normal-Calibrate" switch t o  Normal. 

7 )  Record the  ampl i f i e r  output vo l tage .  

8) Repeat s t e p s  #3 through #7 f o r  f requencies  of 0.2, 
0.5, 1? 2, 5, 10, 20, 50, and 100 KHz. 

9) Observing t h e  osc i l loscope ,  a d j u s t  t h e  AC Signal  
Source f o r  1 KHz wi th  an  amplitude such t h a t  t he  
ampl i f i e r  l i m i t s  i n  both t h e  p o s i t i v e  and negat ive  
d i r e c t i o n s .  Record t h i s  l i m i t i n g  value.  

10) Turn power o f f .  

11) Set  "Xodule Se lec t"  switch and connect ampl i f i e r  
input  appropr i a t e ly  and r e p e a t  a l l  of t h e  above for 
a m p l i f i e r s  #2 through #lo.  

5.4.5 Amplif ier  Common-Mode Re jec t ion  

With the  power o f f ,  set t h e  "Module Se lec t"  switch 
t o  p o s i t i o n  #l and t h e  "Function" switch t o  p o s i t i o n  
v4 . 
I n s e r t  t h e  input  of a m p l i f i e r  81 i n t o  t h e  CM 
connector.  

S e t  t h e  "Normal-Calibrate" switch t o  Cal ibra te ,  t he  
% swi tch  t o  50 K ohms, and t h e  input  vo l tage  switch 
t o  +28. 

Set  t h e  AC S igna l  Source t o  2 v o l t s  peak-to-peak 
amplitude,  100 Hz. 

Turn ON t h e  t e s t  u n i t .  

Se t  t h e  "Normal-Calibrate" switch t o  Normal. 

Record t h e  ampl i f i e r  output  vo l t age .  

Repeat s t e p s  #3 through #7 f o r  f requencies  of 0 .2 ,  
0.5, 1, 2, 5, and 10 KHz. 

Turn power o f f .  

Se t  "Module Se lec t"  swi tch  and connect ampl i f i e r  
input  appropr i a t e ly  and r epea t  a l l  of t he  above f o r  
ampl i f i e r s  #2 through 810. 
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J . A . ~  t\llipl.iCicr Input  Resis tance 

1) With t h e  power off, set t h e  "Module Select"  switcll 
t o  p o s i t i o n  fl and t h e  "Function" switch t o  
p o s i t  ion  #5. 

2) I n s e r t  t h e  input of a m p l i f i e r  #I. i n t o  the  R 
connector .  i n  

3 )  Set  t h e  Ri 
rueasurerneni?. 

switch t o  A s i d e  and record  r e s i s t a n c c  

4 )  Set  t h e  Ri 
measuremen€. 

switch t o  B s i d e  and record  r e s i s t a n c c  

5) Repeat above s t p e s  81 through #4 f o r  ampl i f i e r s  #2 
through #lo.  

5 I $. 7 Powe?: Source Voltages 

1) With t h e  power o f f ,  set t h e  '%Iodule Select"  switch 
t o  p o s i t i o n  #1 and t h e  "Function" switch t o  p o s i t i o n  
#6. 
f o r  a t  l eas t  10 minutes.  

Turn power on and al low the  modules t o  warm up 

2) Measure and record  t h e  peak-to-peak noise  on the  
osc i l l o scope .  

3) Measure and record  t h e  dc output  vo l t age  f o r  +22, 
+28, and +32 v o l t s  i npu t  t o  t h e  s i g n a l  source.  

4) Turn power o f f  and r e p e a t  above s t e p s  #l through 83 
f o r  pos i t i ons  3, 5, 7, and 9. (Note: There are f i v e  
power sources  .) 

5 .5  TEST DATA 

Following is  a summary of t h e  S igna l  Conditioning Module tes t  da t a .  

1) Output Of f se t  (Mr) 

- SN -30°F O°F +7 5'F A1 60°F +200°F 

301 +21 - 1  - 8  + 8  +12 
3 04 +50 +43 +21 +2 7 -!3 2 
315 +20 + 4  -3 4 - 20 - 2 G  
308 +24 +16 -12 + 3  .t 7 
319 -17 - 17 -3 6 -22 -40 

401 +18 + 5  -11 +15 4-23 
402 - 8  + 6  +2 6 +19 -22 
406 -17 -18 + l  + 6  +11 
408 + 9  + 6  + 2  + 1  - 2  
411 + 5  - 2  -10 - 5  - 2  
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2) Output Peak-to-Peak Noise (MV) 

- SN -30°F O°F 

301 9 15 
3 04 10 15 
315 10 10 
308 10 9 
319 10 15 
401 10 10 
40 2 10 10 
406 10 10 
408 10 10 
411 5 10 

3) Actual Gain 

- SN -30°F O°F 
301 1004.2 1001.6 
3 04 990 .o 989.0 
315 1003.0 1002.4 
308 998.2 998.2 
319 1002.2 1002.4 
40 1 50.18 50.16 
402 49.89 49.90 
40 6 50.03 50.09 
40 8 49.96 50 .OO 
411 49.89 49.90 

4) Gain i n  Percent of Ideal 

- SN -30°F O°F 

301 + .42% + .16% 
304 -1.00% -1.10% 
315 -I- .30% + .24% 
308 - .18% - -18% 
319 + .22% + .24% 
401 + -36% + .32% 
402 - .22% - .20% 
406 + .06% + .18% 
408 - .08% 0% 
41 1 - .22% - .20% 

t75OF 
20 
10 
10 
10 
10 

9 
3 
5 
5 

10 

+7 5'F 
1000.6 
987.8 
1000.6 
998.4 
1001.4 
50.20 
49.95 
50.10 
50.03 
49.91 

+75'F 
+ .06% 
-1.22% 
+ .06% 
- .16% 
+ .14% 
+ .40% 
- . lo% 
+ .20% 
+ .06% 
- . i a %  

+1 60°F 
10 
10 
10 
10 
10 

15 
15 
10 
20 
20 

+160°F 

999.6 
988.6 
999.4 
1000.6 
1000.4 
50.24 
49.92 
50 13 
50.07 
49.90 

+160°F 
- .04% 
-1.14% 
- .06% 
+ .06% 
+ .04% 
+ .48% - .16% 
.t .26% 
+ .14% 
- .20% 

+200' F 

10 
10 
1 [-I 
10 
'10 

10 
10 
10 
10 
10 

+200°F 

399.2 
987.4 
998.2 
999,1 
999.0 
50.26 
49 .) 93 
50.15 
50.10 
49.93 

+200°F 
- .08% 
-1.26% 
- .18% 
- .06% 
- .01% 

+ . 5 2 %  
- .14% 
+ -30% 
+ .20% 
- .14% 
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5 )  Gain i n  Percent of 75'F Value 

- SN -30'F O°F +7 5 O F  +1 60'F +2OO0P 

301 +.36% +. 10% 0% -. 10% -. 14% 
304 +. 22% +.12% 0% +.08% - .04% 
315 +. 24% +.18% 0% -. 12% - .24% 
308 - .02% - .02% 0% +. 22% +. 10% 
319 +.08% +. 10% 0% -. 10% -. 15% 

401 - -04% -.08% 0% +.08% +. 12% 
40 2 -. 12% -. 10% 0% - .06% - .04% 
406 - .14% - .02% 0% +.06% f. 10% 
408 -. 14% -.06% 0% +, 08% +. 14% 
411 - .04% - .02% 0% - .02% +. 04% 

6 )  OutputlInput Impedances (ohms) 

SN Output Impedance Input Impedance - 
301 1 2  200 K 
3 04 8 230 K 
3 15 10 150 K 
308 8 136 K 
319 6 107 K 

401 
40 2 
406 
408 
411 

< 1  
< 1  

2 
< 1  

20 

188 K 
>ZOO K 

136 K 
137 K 
146 K 

7) Linea r i ty  (Deviation from L inea r i ty  i n  mV) 

- _ - - - - - - - - -  SN -3 -2 -1 0 1 2  3 4 5 6  

301 +1 +1 +1 0 +1 +1 +1 +1 0 0 
304 +1 +1 +1 0 0 +1 0 0 0 -1 
315 0 0 0 0 +1 +1 +1 +l +l 
308 -11 -8 -6 0 +I +3 +6 +8 +l -7 
319 -1 -1 -1 0 0 0 0 0 0 -1 

401 -1 -1 0 0 0 0 +l +1 +2 +3 
40 2 -2 -2 0 +1 +1 $2 t-3 +3 +4 
406 +1 0 0 0 0 0 -1 -1 0 0 
408 0 + 2  0 0 0 0 0 0 0 0 
411 +2 0 0 0 0 +l +1 +1 +1 +2 
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8) Frequency Response Referenced t o  lOOHz Gain (%) 

22 Volts I n  28 Vol t s  I n  32 Volts In 
Temp. Volts  Vol t s  Volts  

OF +10 +i5  1-15 +10 +15 '-15 +10 +15 -15 

-30 +25 -57 -72 +28 -56 -75 +32 -54 -78 
0 +18 -36 -51 +21 -33 -53 +24 -33 -56 

+75 + 3 +19 + 7 + 5 4-22 + 4 + 7 +24 + 3 
+160 -11 +46 +31 - 9 347 $31 - 8 448 +28 
+200 -25 +55 -11 -24 +58 -13 -22 +58 -13 

SN 200- 500- lKHz 2KHz 5KHz lOKHz 2OKHz 50KHz lOOKHz 

301 -0.3 -0.8 -2.4 -7.9 -30.5 -56.5 -77.1 -92 .1  -96.4 
304 M . 6  0 -1.9 -8.6 -33.7 -60.4 -79.6 -93.5 -97.3 
315 -0.1 -0.3 -1.4 -5.8 -25.9 -51.9 -73.8 -90.4 -96.3 
308 H . 4  0 -1.4 -6.0 -26.6 -52.4 -73.9 -90.2 -91.1 
319 0 0 -0.7 -3.1 -16.2 -39.4 -64.0 -85.8 -93.6 

401 +0.2 0 -0.8 -3.0 -15.6 -38.6 -65.4 -87.5 -94.0 
402 0 0 -1.2 -3.0 -14.8 -36.6 -62.6 -86.7 -93.6 
406 0 -0.4 -0.8 -2.2 -13.8 -35.2 -60.6 -84.0 -92.5 
408 -0.2 -0.4 -1.0 -3.8 -16.2 -38.6 -63.6 -85.0 -92.8 
411 0 -0.4 -0.8 -2.8 -13.8 -35.6 -61.0 -84.9 -93.2 

----- ---- 

Ripple P-P 
on 1OV 
28V i n  

60 
44 
24 
30 
44 

- - .  

9) Common-Mode Rejec t ion  (dB) 

100- 200- - 500- - lKHz 2KHz 5KHz l0KHz - SN - 
301 98 98 98 98 98 97 92 
3 04 118 112 107 103 97 91 89 
3 15 115 118 115 118 115 112  104 
308 10 9 10 9 112  110 106 100 98 
319 1 1 2  112 118 115 112 10 6 103 

401 103 103 10 6 100 92 86 73 
40 2 84 84 83 84 84 84 82 
406 78 78  78 76 7 2  65 62 
408 103 100 95 90 84 78 75 
411 104 100 97 92 86 79 77 

Temp. Volts I OF !! +10 ! +15 
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22 Volts In 
Volts Temp. 

OF ' +10 +15 -15 

-30 - 9 +14 -18 
0 - 7 +10 -19 

+75 - 3 - 1 -19 

13) Power Supply Measurements, SN-968, DC Out Error (mV) 

28 Volts In 32 Volts In Ripple P-P 
Volts Volts on 10V 

+10 +15 -15 +10 +15 -15 28V in 

- 8 +19 -19 - 4 +25 -21 60 - 6 +15 -21 - 2 +21 -23 
- 3 + 1 -21 - 1 + 5 -22 60 

+160 - 3 -20 -14 - 3 -18 -15 
+200 1 - 5 -28 - 8 1 - 4  -26 - 8  

5-26 

1 -  1 -16 -15 38 
1-3 -24 - 9  66 I 

'I 22 Volts In 28 Volts In \I 32 Volts In 
Volts Volts Volts Temp. 

OF I +10 +15 -15 +10 +15 -15 !(+lo +15 
-30 +30 -11 442 +31 -10 +41 '+31 - 9 4-40 

0 +23 - 5 +31 +24 - 4 +28 +26 - 4 +28 
+75 + 6  + 6  - 1 + 6  3.6 - 2  + 7  + 8  - 2  
+160 -14 +10 - 9 -13 +I1 - 9 -13 4-12 -11 

Ripple P-P 1 
on 1OV I 

%- 
I 

45 j 
45 

47 
I +200 -28 + 4 +13 ,,-27 + 5 +13 j-26 + 5 +12 I 45 I 
I 



6. CONCLUSIONS AND RECOMMENDATIONS 

This contract successfully demonstrated the following points: 

a) The amplifier electrical specifications were fully met over 

the full temperature range. This direct-coupled monolithic amplifier 

can therefore be used in many applications presently requiring chopper 

amplifiers. 

b) This amplifier development is ready to be transferred into 

small-scale production. The recommended follow-on effort is to fabri- 

cate forty or more amplifiers to thoroughly test and evaluate, thereby 

providing the needed transfer into small-scale production quantities. 

This phase is necessary to reduce the selling cost of the amplifier, 

making it cost competitive with present-day discrete component chopper 

amplifiers. 

c) The microminiature power source met all line, load, and temper- 

ature regulation specifications. 

d) Recommended follow-on effort of the power source includes 

improving the high frequency spike RFI performance and reviewing the 

mechanical package design for decreased cost and increased reliability. 

Further attention is also appropriate to increase the power efficiency 

(presently 40%). 

around the converter. The significantly improved converter regulation 

characteristics would then allow the series regulators to be removed 

(new efficiency 70%) . 

This  can be accomplished by applying negative feedback 
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APPENDIX A 

CONTRACT PERFORMANCE SPECIFICATIONS 

NOTE: Numbering used on t h e  fol lowing s p e c i f i c a t i o n s  is  taken d i r e c t l y  
from t h e  con t r ac t .  

4.0 

4 .1  

4.1.1 

4.1.2 

4.1.3 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

5 .O 

5.1 

5.1.1 

MISCELLANEOUS 

Battery. 
b a t t e r y .  The c h a r a c t e r i s t i c s  of t h i s  b a t t e r y  are as fol lows:  

The powcr supply s h a l l  be powered from a n  e x t e r n a l  

The vol tage  i s  between 22 and 3 2  v o l t s  w i th  28 v o l t s  being nominal. 

There is a poss ib l e  maximum 4 v o l t  peak-to-peak r i p p l e  (dc t o  2 
square wave) impressed upon t h e  b a t t e r y  vol tage .  The b a t t e r y  
vol tage ,  inc luding  t h e  r i p p l e ,  w i l l  be between 22 and 3 2  v o l t s .  

There i s  a poss ib l e  t r a n s i e n t  on t h e  power l i n e  t h a t  may reduce 
t h e  b a t t e r y  vo l t age  t o  as low as 0 v o l t s  or  increase  it t o  as 
h igh  as 42 v o l t s .  This t r a n s i e n t  has  a 20 mi l l i second base width 
d u r a t i o n  and an  8 mi l l i second rise t i m e .  The c i r c u i t r y  connected 
t o  t h e  b a t t e r y  i s  requi red  t o  surv ive  t h i s  t r a n s i e n t ,  but  t h e  
s p e c i f i c a t i o n  performance is not  requi red .  Operation s h a l l  r e t u r n  
t o  normal w i t h i n  100 microseconds a f t e r  t h e  du ra t ion  of t h e  pulse .  

Serv ice  L i f e .  The modules s h a l l  be capable  of opera t ion  w i t h i n  
s p e c i f i c a t i o n s  f o r  a minimum of 2000 hours,  cont inuously o r  
otherwise,  dur ing  a service l i f e  of one year .  

Warm-up Time. The modules s h a l l  be capable  of ope ra t ion  w i t h i n  
s p e c i f i c a t i o n s  a f t e r  a warm-up t i m e  not t o  exceed 0.5 minute. 

Color. The module cases s h a l l  be opaque. 

Reverse P o l a r i t y  P ro tec t ion .  A l l  modules connected t o  t h e  b a t t e r y  
s h a l l  be p ro tec t ed  from being des t ruc t ed  by p o l a r i t y  reversal. 
opera t ion  s h a l l  r e t u r n  t o  normal wi th  proper  p o l a r i t y  connections.  

Product Marking. The modules and a l l  ex te rna l  leads  s h a l l  be 
marked f o r  i d e n t i f i c a t i o n  purposes i n  a permanent manner. 

Workmanship. Uniformity of shapes, dimensions, and performance 
s h a l l  provide in t e rchangeab i l i t y  of t h e  complete moduels. 

PERFORMANCE SPECIFICATIONS 

DC-to-DC Power Converter.  The module s h a l l  be designed t o  opera te  
from t h e  b a t t e r y  descr ibed  i n  Para.  4.1 and provide t h e  power t o  
two r e g u l a t o r  modules descr ibed  by Para.  5.3 w i t h i n  t h e  s p e c i f i c a -  
t ions of performance. 

Volume. The module s h a l l  be r e c t i l i n e a r .  The volume s h a l l  no t  
exceed 0.80 cubic  inches.  
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5.1.2 

5.1.3 

5.1.4 

5.1.5 

5.1.6 

5.1.7 

5.1.8 

5.2 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

I s o l a t i o n .  The module s h a l l  be designed s o  t h a t  t h e  output  c i r c u i t  
s h a l l  be t ransformer- i so la ted  from the  input  c i r c u i t .  

Ef f ic iency .  
s i d e r a t i o n s  equal  i n  importance t o  t h e  o the r  s p e c i f i c a t i o n  
requirements .  

The module s h a l l  be designed wi th  e f f i c i e n c y  con- 

Voltage and Current.  The module s h a l l  be designed t o  provide t h e  
proper vo l t ages  and c u r r e n t s  t o  power t h e  two r e g u l a t o r s  descr ibed 
i n  Para.  5.3. 

Regulat ion and S t a b i l i t y .  
power, a t  t h e  same environment, t h e  two r e g u l a t o r s  descr ibed  i n  
Para .  5.3. 

The module s h a l l  be designed t o  proper ly  

Power Line Feedback. The feedback r i p p l e  from t h e  module t o  t h e  
b a t t e r y  s h a l l  be no more than  30 mV peak-to-peak as measured 
ac ross  a one-ohm series r e s i s t o r  wi th  an  osc i l l o scope  having a 
pass  band of 15 MHz. 

Ripple .  The r i p p l e  on the  output  vo l t ages  s h a l l  be of s u t h  va lue  
t h a t  t h e  r e g u l a t o r s  w i l l  ope ra t e  t h e  ampl i f i e r s  and t ransducers  
w i t h i n  t h e i r  r e s p e c t i v e  r i p p l e  s p e c i f i c a t i o n s  (Para. 5.2.9 and 
5.3.1.3). 

Mounting Considerat ions.  The ex te rna l  l eads  s h a l l  be i n  a plane 
p a r a l l e l  t o  t h e  f l a t  bottom s u r f a c e  and loca ted  i n  a predetermined 
p r e c i s e  manner. 
material s u i t a b l e  f o r  r e t a i n i n g  t h e  module t o  a p r i n t e d  c i r c u i t  
board f o r  ope ra t ion  i n  t h e  s p e c i f i e d  environments. 

These leads  s h a l l  be bare  bus bar  of such 

DIFFERENTIAL DC AMPLIFIER 
The module s h a l l  be powered from t h e  vo l t age  r egu la to r  descr ibed  i n  
Para .  5.3. 

Input  S igna l .  The module s h a l l  be capable  of r e c e i v i n g  v a r i a b l e  
d i f f e r e n t i a l  input  s i g n a l s  from 0 t o  +5 v o l t s .  Those s i g n a l s  t oo  
l a r g e  f o r  l i n e a r  ampl i f i ca t ion  s h a l l  no t  damage t h e  ampl i f i e r .  

Input  C i r c u i t .  
provide b i a s  cu r ren t .  

The module s h a l l  no t  r e q u i r e  t h e  s i g n a l  source t o  

Input  Impedance. The module s h a l l  have an  input  impedance of no 
less than  50 K ohms f o r  an  input  s i g n a l  of any frequency between 
dc and 1 KHz. The source impedance, as seen by t h e  module, i s  
0 t o  375 ohms d i f f e r e n t i a l .  

Output Signal .  The module s h a l l  be capable  of d e l i v e r i n g  output  
s i g n a l s  of from 0 t o  +5 v o l t s  t o  a load v a r i a b l e  from 50 K ohms t o  
an  open c i r c u i t .  

Output Impedance. The output impedance of t h e  module s h a l l  not  
exceed 100 ohms from dc t o  1 Wz. 
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5.2.6 

5.2.7 

5.2.8 

5.2.9 

5.2.10 

5.2.11 

5.2.12 

5.2.13 

5.3 

5.3.1 

Output Offse t .  
as spec i f ied ,  the  module output vol tage s h a l l  be 0 & 50 m i l l i v o l t s .  

With a zero input s i g n a l  from a source impedance 

Voltage Gain. The vol tage gain s h a l l  be wi th in  1% of the  idea l  
value of 50 f o r  t h e  -1 ampl i f ie r  and 1000 for  t h e  -4 ampl i f ie r .  

Gain S t a b i l i t y  and Frequency Response. 
s h a l l  be wi th in  5 1% of the  dc value a t  75' from dc t o  1 KHz. 
3 dB poin t  s h a l l  not exceed 15 KHz. The frequency response between 
dc and 1 KHz s h a l l  not change more t h a n k  1% over the  spec i f i ed  
environments. 

The gain of t he  module 
The 

Output Ripple. 
v o l t s  peak-to-peak as measured wi th  an osci l loscope having a pass  
band of 15 megacycles. 

The maximum output r i p p l e  vol tage s h a l l  be 25 m i l l i -  

L inear i ty .  The module s h a l l  have a l i n e a r  output w i th in  k12.5 
m i l l i v o l t s  of a s t r a i g h t  l i n e  between the  output end poin ts  
(nominal 0 and +5 v o l t s ) .  

Common Mode. The module s h a l l  have a common mode r e j e c t i o n  r a t i o  
of 80 dB o r  more for  f requencies  from dc t o  1 KHz and vol tages  of 
- + 1.0 v o l t s .  

Volume. The module s h a l l  be constructed i n  a r e c t i l i n e a r  configura- 
t i o n  wi th  a volume not t o  exceed 00.01 cubic inches.  

Mounting Considerations.  The ex terna l  leads s h a l l  be brought out 
of the  module from two opposing sur faces  and i n  one plane.  These 
leads  s h a l l  be bare bus bar of such ma te r i a l  s u i t a b l e  f o r  r e t a in ing  
t h e  module t o  a pr in ted  c i r c u i t  board f o r  operat ion i n  the  spec i f i ed  
environments . 
VOLTAGE R.?3GULATOR 
The module s h a l l  be designed t o  rece ive  power from the  dc-to-dc 
Power Converter described i n  Para. 5.1 and de l ive r  regulated power 
t o  one ex te rna l  transducer and one ex te rna l  ampl i f ie r .  

Transducer Power Spec i f ica t ions  

5.3.1.1 Voltage and Current. The module s h a l l  be designed t o  de l ive r  10 
v o l t s  t o  one 350 k 5% ohm transducer .  

5.3.1.2 Regulation and S t a b i l i t y .  The vol tage s h a l l  be 10 v o l t s  dc k 
50 m i l l i v o l t s  when connected t o  a typ ica l  transducer and subjected 
t o  the  ba t t e ry  f luc tua t ions  and t h e  spec i f i ed  environments. 

5.3.1.3 Ripple. The r i p p l e  on the  10 v o l t s  s h a l l  not exceed 25 m i l l i v o l t s  
peak-to-peak as measured wi th  an osci l loscope having a pass band 
of 15 megahertz. 
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5.3.2 Amplif ier  Power Spec i f i ca t ions .  

5.3.2.1 Voltage and Current.  The module s h a l l  be designed t o  provide t h e  
proper vo l t ages  and c u r r e n t s  t o  power one ampl i f i e r  f o r  t h e  
performance descr ibed  by Para.  5.2. 

5.3.2.2 Regulat ion and S t a b i l i t y .  The module s h a l l  be designed t o  proper ly  
power, a t  t h e  same environment, one ampl i f i e r  f o r  t h e  performance 
descr ibed  i n  Para .  5.2. 

5.3.2.3 Ripple.  The r i p p l e  on t h e  supply vo l t ages  s h a l l  be of such va lue  
t h a t  t h e  r i p p l e  of t h e  ampl i f i e r  output  (Para. 5.2.9) i s  wi th in  
s p e c i f i c a t i o n s .  

5.3.3 Mounting Considerat ions.  The e x t e r n a l  l eads  s h a l l  be i n  a p lane  
p a r a l l e l  t o  t h e  f l a t  bottom s u r f a c e  and loca ted  i n  a predetermined 
p r e c i s e  manner. These l eads  s h a l l  be ba re  bus bar  of such material 
s u i t a b l e  f o r  r e t a i n i n g  t h e  module t o  a p r i n t e d  c i r c u i t  board f o r  
opera t ion  i n  t h e  s p e c i f i e d  environments. 

A-4 



General Descr ip t ion  

The MIA-101 is  a d i r e c t  coupled, h igh  gain ampl i f i e r  wi th  a d i f f e r e n t i a l  
input  and s i n g l e  ended output  c a p a b i l i t y .  The device i s  a one d i e  com- 
p a t i b l e  monoli thic  i n t e g r a t e d  c i r c u i t  incorpora t ing  a buried l a y e r  
e p i t a x i a l  s u b s t r a t e  wi th  evaporated cermet t h i n  f i l m  r e s i s t o r s .  It 
f e a t u r e s  a high gain common-mode feedback loop which provides t h e  f l e x i -  
b i l i t y  of us ing  e i t h e r  o v e r a l l  base feedback o r  emitter feedback. The 
l a t t e r  op t ion  al lows t h e  ampl i f i e r  t o  be used i n  high gain,  low d r i f t ,  
h igh common-mode r e j e c t i o n  a p p l i c a t i o n s .  The MIA-101 can be used as an 
ope ra t iona l  ampl i f i e r ,  a low-level ins t rumenta t ion  ampl i f i e r ,  l i n e a r  o r  
nonl inear  func t ion  genera tor ,  and o the r  a p p l i c a t i o n s  r e q u i r i n g  a h igh  
d i f f e r e n t i a l  open loop vol tage  ga in  ampl i f i e r .  

Absolute Maximum Ratings 

Supply Voltages 

I n t e r n a l  Power Di s s ipa t ion  250 mW 

- + 16  v o l t s  

D i f f e r e n t i a l  Input  Voltage - + 5 v o l t s  

Input  Voltage +7 t o  -4 v o l t s  

Storage Temperature Range 

Operating Temperature Range 

-65OC t o  +15OoC 

-55OC t o  +125OC 
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E l e c t r i c a l  C h a r a c t e r i s t i c s  

0 (Nominally T = +25 C and Vcc = VEE = 15  v o l t s )  A 

Input Of f se t  Voltage 
Input Of f se t  Voltage Temp. Coef. 

B-35OC t o  95% 

Input  Of f se t  Current 

Ir.put Of f se t  Current 8 - 3 5 @ ~  

Input Bias Current 

Input Bias Current 8 -35OC 

D i f f e r e n t i a l  Input Resis tance,  Open-Loop 

D i f f e r e n t i a l  Input Resis tance,  E m i t t e r  
Feedback Closed Loop 

Common-Mode Input  Res is tance  

Common-Mode Input Voltage 

Common-Mode Rejec t ion  Rat io  

Supply Voltage Rejec t ion  Rat io  

Voltage Gain, Open-Loop 

Voltage Gain Temperature Coeff ic ien t ,  
Open-Loop 8 - 3 5 ' ~  t o  +95Oc 

Min . Typical 

-4 

1.5 

3 

20 

100 

250 

250T 

200 

100 

20 

110 

0.1 

Output Voltage Swing 8 RL = 50 K 

Output Resis tance,  Open-Loop 100 

-5 

Negative Power Supply Voltage (VEE) 

Pos i t i ve  Power Supply Voltage (Vcc) 

Power Consumption 

15 

15 

135 

Max Units 

3 mV 

6 PV/OC 

nA 

100 nA 

nA 

250 nA 

KR 

KR 

Mil 

+7 v o l t s  

dB 

pV/volt 

dB 

dB/OC 

+8 v o l t s  

R 

v o l t s  

v o l t s  

mW 
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Figure B-1. MIA-101 Schematic 
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Def in i t i ons  

+ I  T :- Open-loop Gain 
Closed-l oop Gain 

Input  Of f se t  Voltage Voltage appl ied  t o  input  te rmina ls  wi th  a source 
r e s i s t a n c e  less than  10 ohms t o  ob ta in  a zero  
output  vo l tage .  

Input  Of f se t  Current Di f fe rence  in  t h e  cu r ren t s  demanded a t  t h e  two 
input  te rmina ls .  

Input  Bias Current Average of t h e  two input c u r r e n t s .  

D i f f e r e n t i a l  Input  Res is tance  - -  Dynamic r e s i s t a n c e  between input  te rmina ls .  

Common-Mode Input Resis tance -. With t h e  inputs  shor ted ,  t h e  dynamic 
r e s i s t a n c e  from t h e  inputs  t o  ground 

Common-Mode Input  Voltage :- Common-mode vol tage  l i m i t s  i n  which t h e  
ampl i f i e r  w i l l  perform l i n e a r i l y .  

Common-mode Rejec t ion  Ra t io  = Rat io  of t h e  input  vo l tage  range t o  the 
maximum change i n  input  ' o f f se t  vo l t age  
over t h i s  range. 

Supply Voltage Rejec t ion  Rat io  E Rat io  of t h e  change i n  input  o f f s e t  
vo l t age  t o  the  change i n  supply vol tage  
producing it. 

Voltage Gain 5 Rat io  of t h e  change i n  output  vo l t age  t o  t h e  change i n  vol tage  
between t h e  input  te rmina ls  producing it .  

Output Voltage Swing Output vo l t age  re ferenced  t o  ground t h a t  can be 
obtained without  c l ipp ing ,  

Output Res is tance  Res is tance  between the  output  and ground wi th  t h e  output 
vo l t age  a t  ground. 

Power Consumption E DC power i n t o  t h e  ampl i f i e r  w i t h  t h e  output  vo l tage  a t  
ground and wi th  no load cu r ren t .  
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APPENDIX C 

APPLICATION NOTES ON THE TRW MIA-101 MONOLITHIC AMPLIFIER 

I. General Discussion 

The MIA-101 i s  a d i r e c t  coupled, h igh  ga in  ampl i f i e r  wi th  a d i f f e r e n t i a l  

input  and single-ended output  c a p a b i l i t y .  The device  i s  a one d i e  compatible 

monol i th ic  i n t e g r a t e d  c i r c u i t  incorpora t ing  a buried l a y e r  e p i t a x i a l  s u b s t r a t e  

wi th  evaporated cermet t h i n  f i lm  r e s i s t o r s .  It f e a t u r e s  a high ga in  common- 

mode feedback loop which provides  the  f l e x i b i l i t y  of us ing  e i t h e r  o v e r a l l  

base feedback o r  emitter feedback. The l a t t e r  opt ion  allows t h e  ampl i f i e r  

t o  be used i n  h igh  gain,  l o w  d r i f t ,  h igh  common-mode r e j e c t i o n  a p p l i c a t i o n s .  

The MIA-101 can be used as an  ope ra t iona l  ampl i f i e r ,  a low-level instrumenta- 

t i o n  ampl i f i e r ,  l i n e a r  o r  nonl inear  func t ion  genera tor ,  and o the r  a p p l i c a t i o n s  

r equ i r ing  a h igh  d i f f e r e n t i a l  open loop vo l t age  ga in  ampl i f i e r .  

The equiva len t  i npu t  vo l tage  thermal d r i f t  of t h e  MIA-101 i s  low and 

excep t iona l ly  l i n e a r .  This c h a r a c t e r i s t i c ,  i n  a d d i t i o n  t o  t h e  emitter feed-  

back f e a t u r e ,  a l lows it t o  be used i n  l o w  d r i f t  ins t rumenta t ion  ampl i f i e r  

app l i ca t ions .  

obtained over t h e  f u l l  temperature range by adding a DOC-101 d r i f t - o f f s e t  

con t ro l  c i r c u i t  which d i r e c t l y  compensates t h e  l i n e a r  inherent  ampl i f i e r  

thermal d r i f t .  

Ultra low d r i f t  (0.2 pV/OC) and low o f f s e t  (lOpV) can be 

11. Fundamental DC Considerat ions 

One of t he  primary f e a t u r e s  of t h e  MIA-101 monoli thic  ampl i f i e r  is t h e  

high gain common-mode feedback loop which s t a b i l i z e s  t h e  common-mode 

c o l l e c t o r  c u r r e n t s  of t h e  input  s t age .  This i n t e r n a l  feedback f e a t u r e  a l lows 

equiva len t  input  vo l tage  d i f f e r e n t i a l s  t o  be produced across  t h e  input  s t a g e  

emitters (as t h e  cu r ren t  through R 

d i s t u r b i n g  t h e  b i a s  condi t ions  of t h e  input  s t a g e .  This provides a means 

f o r  using o v e r a l l  emitter feedback i n  a high performance closed loop 

produces i n  Fig. C-1)  without  I A - ~ ~ B  
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Figure C-1. TRW Monolithic Instrumentat ion 
Amplifier Block Diagram 
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ampl i f i e r  a p p l i c a t i o n  o r  f o r  accu ra t e ly  comparing two independent d i f f e r e n -  

t i a l  s i g n a l s  a t  t he  input of one a m p l i f i e r .  

I n  Fig.  C - 1  t he  common-mode c o l l e c t o r  c u r r e n t s  of Q -Q , given by A B  

icA i cB  
2 i s  

C 

a r e  converted i n t o  a vo l t age  by a m p l i f i e r  s e c t i o n  A 

by ampl i f i e r  s e c t i o n  A w i t h  t h e  r e fe rence  vol tage  E (poin t  c) t o  produce 2 R 

a cu r ren t  a t  E which a d j u s t s  i t s e l f  t o  keep i cons tan t .  Res i s to r  R i s  

included on t h e  d i e  t o  provide p o s i t i v e  i cu r ren t  i n t o  t h e  e x t e r n a l  r e s i s t o r  

network, s i n c e  ampl i f i e r  s e c t i o n  A i s  an NPN c u r r e n t  s ink .  Varying common- 

mode vo l t ages  a t  BA*BB and/or  X 'X The s t a b i l i t y  

a f forded  by t h e  common-mode feedback loop is  given by 

(poin t  b) and compared 1 

c C a 

d 

2 

w i l l  cause changes i n  i . A B  e 

A ie 

A ic 
> 60 dB - 

where A ie can be c a l c u l a t e d  as a func t ion  of  common-mode vo l t age  changes a t  

B * B  and/or XA*XB, by A B  

+ h Vx x R2B 
B 

C i r c u i t  parameters inc lude :  

i = l o @  
C 

i (max) = 1500 pA e 

= 6.7 K ohms Ra 
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With respect to dc common-mode biasing, the following two limiting con- 

ditions should be considered in application of the MU-101. 

1. Combination of 

a. Maximum negative common-mode voltage at the bases B *B and 

b. Maximum positive common-mode voltage at inputs X 

is determined by the maximum current which can be provided by R 

considering that the correction current i approaches zero. 

A B' 

A*'B* 

a' 

e 

2. Combination of 

a. 

b. Maximum negative common mode voltage at inputs X 

is determined by the maximum current i which can be demanded 

by amplifier section A A l500pA maximum ie,should be used. 

Amplifier section A2 differentially amplifies the currents from Q 

Maximum positive common-mode voltage at the bases B A.BB, and 

A*'B 

e 

2 '  

and A 
Q to produce a low impedance single-ended output voltage at X . The 

differential to single-ended gain (from B 

B 0 

B to Xo) is nominally: A' B 

A = 110 dB 
0 

+25OC 

@ = (r = ) 
EA EB 

assuming that R 1A 
tance values of the input stage, 

and RIB are small compared to the emitter diffusion resis- 

KT - - - - N 2600 ohms r ~r 
EA EB 4 'E 

@ +25OC 



Externa l  r e s i s t o r s  R and RIB a f f e c t  t h e  open-loop vol tage  ga in  by 1A 

where 

2 600 
2600 + R1 A' 0 = A. 

111. Basic Amplif ier  

Operat ional  base feedback can be appl ied  t o  most commercially a v a i l a b l e  

monoli thic  ampl i f i e r s  i f  t h e  a m p l i f i e r  can be frequency compensated t o  avoid 

o s c i l l a t i o n s .  E m i t t e r  feedback can be appl ied  only t o  those  ampl i f i e r s  t h a t  

have been s p e c i f i c a l l y  designed f o r  t h a t  app l i ca t ion ,  such as t h e  TRW MIA-101 

monoli thic  device.  Table GIcompares some of t h e  important p r o p e r t i e s  of base 

and emitter feedback. 

TABLE C-I  

ENITTER FEEDBACK AND BASE FEEDBACK COMPARISONS 

Property E m i t t e r  Feedback Base Feedback 

1. DC o f f s e t  d r i f t .  Offers  much lower d r i f t s ,  D r i f t  i s  l a r g e  due t o  
p a r t i c u l a r l y  f o r  h igh  t h e  ampl i f i e r  input  
ga in  app l i ca t ions .  c u r r e n t s  fol lowing 

through t h e  l a r g e  
feedback r e s i s t o r s .  

2 .  Input  Impedance. Except iona l ly  high,  not  Limited by va lue  of 
dependent on feedback feedback r e s i s t o r .  
r e s i s t o r s .  

3 .  Closed loop g a i n  vs .  Source impedance has  Source impedance 
source dependence. second order  e f f e c t  on a f f e c t s  t h e  c losed  

open loop gain,  t he re -  loop ga in  d i r e c t l y .  
f o r e  has  a near n e g l i g i b l e  
e f f e c t  on c losed  loop gain.  

4 .  Closed loop ga in  VS. Closed loop ga in  i s  not  Closed loop ga in  is 
feedback r e s i s t o r  determined by a simple determined by a simple 
dependence. r a t i o  of impedances. r a t i o  of impedances. 



A. Closed LOOP Emitter Feedback Configuration 

Fig. C-2 illustrates the MIA-101 used in a closed loop, emitter feed- 

back, instrumentation amplifier configuration. Conventional operational feed- 

back to the input bases is often unacceptable for applications requiring high 

input impedance, high closed-loop gain, and low dc drift. 

can be used effectively in these applications. 

Emitter feedback 

Assuming amplifier symmetry and feedback-resistor symmetry such that 

RiA - - RIB = R1, and 

the closed loop gain equation can be written as 

V - - 0 

iB viA - v 

R + r; 
B 

S where 

X 1 1 [+ 0 

A E Total differential input to single-ended 
0 output open-loop gain 

If A. is very large, the closed loop gain becomes 

V 

1 z1 + z2 

z1 
> ( or 

R1 + R2 

R1 

0 - - 
v - v  iA iB 

Note that the closed loop gain is not the simple ratio of two impedances. 

Also, Z must pass dc current. 1 
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Figure C-2. Closed Loop Configuration 
with Emitter Feedback 
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For nonnegl igible  A t h e  closed loop vol tage  ga in  expressed by 

Equation 13 devia tes  from the  i d e a l  ga in  expressed by Equation 16 by t h e  

0' 

following percentage e r r o r .  

r 1 
R + R  

1 u V 0 )=rxL R1 +:J 
(% e r r o r  i n  v - v  i A  i B  0 

It is  important t o  note  t h a t  t he  source impedance R a f f e c t s  t he  closed 

loop ga in  only a s  i t  a f f e c t s  A 

base feedback. 

s1 
and %,which is  not t he  case f o r  operat ional  

0 

Closed loop emi t te r  feedback inherent ly  provides high input  imped- 

ance and low output impedance. From standard feedback ana lys i s ,  t he  input 

impedance is  given a s  

= 2. (T + 1) 'iF 1 

open loop gain A. R1 
closed loop gain + f: R + R2 where T s  

1 

f input impedance with ove ra l l  feedback ' i F  

Z .  5 input  impedance without ove ra l l  feedback 
1 

Also, from standard feedback ana lys i s ,  t h e  output impedance is given a s  

0 
Z 

=- 
'of T + 1 

where Zof s output impedance wi th  ove ra l l  feedback 

z output impedance without ove ra l l  feedback 
zO 
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A distinct advantage of emitter feedback is the feature that the 

nonlinear temperature dependent input currents flow only through the source 

impedance. High closed gains, together with high input impedance can there- 

fore be simultaneously obtained without the input current drift becoming 

intolerably large. The input current drift is not a function of the feedback 

impedances. 

DC offset correction can be obtained by connecting resistor R to 1A 

a correction voltage, as shown in Fig. C-3. The amplifier output voltage 

will follow EC. 

Fig. C-4 shows an effective technique for correcting inherent offset 

and thermal drift with current sources which have been appropriately adjusted 

to demand the proper temperature-independent and 

currents. 

integrated circuit with resultant equivalent input drifts less than 0.2pV/ C. 

temperature-dependent 

This function can be obtained by using the DOC-101 monolithic 
0 

B. Closed Loop,Base Feedback Configuration 

Fig. C-5 illustrates the MIA-101 used in a closed loop, base feedback, 

operational amplifier configuration. There is considerable literature on the 

basic principles of operational feedback. For brevity, therefore, this infor- 

mation is not included. 

C. Open Loop, Dual-Differential Input Configuration 

The MIA-101 amplifier can be uniquely used to-perform the function 

shown in block form in Fig. C-6(a) by connecting the monolithic amplifier as 

shown in Fig. C-6(b). 

multiple differential inputs at the input stage, thereby eliminating the need 

of any closed loop summing preamplifiers. 

This application features the precise summing of 

This configuration is useful for 



Figure (3-3. Emi t te r  Feedback With Offset 
Correct ion Voltage Source 
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1" P -9 

Figure C-4, Emitter Feedback With Drift-Offset 
Correction Current Source 
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Figure C-5. Closed Loop Configuration 
With Base Feedback 
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Figure C-6( a ) .  Open-Loop High-Gain Amplifier 
Composite With Multiple 
Di f fe ren t ia l  Inputs 
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Figure C-6(b). MIA-101 Used as a Multiple 
Di f fe ren t ia l  Input High-Gain 
Open-Loop Amplifier 

C -1.4 



conver t ing  a d i f f e r e n t i a l  analog s i g n a l  i n t o  a d i g i t a l  code. For ins tance ,  

t h e  MIA-101 becomes a d i f f e r e n t i a l  comparator upon connecting t h e  inpu t s  as 

shown i n  Fig. C-7. I n  t h i s  conf igura t ion ,  i npu t s  v and v are connected 

t o  the  d i f f e r e n t i a l  analog source vo l t age  which is  t o  be d i g i t i z e d .  Res i s to r  

i - A  i - B  

i s  grounded and r e s i s t o r  R is connected t o  a v a r i a b l e  r e fe rence  vol tage .  R2B 2A 

The s t a t e  of t he  output  Xo i s  then  determined by t h e  r e l a t i o n s h i p  of t h e  

d i f f e r e n t i a l  input  s i g n a l  t o  t h e  v a r i a b l e  r e fe rence  vol tage .  

The equat ion  desc r ib ing  t h e  b a s i c  ope ra t ion  of t h i s  c i r c u i t  i s  

where i s  g iven  by Equation 14 

RO 

% 
- = A. (see Equation 15) 

Equations 11 and 12 apply 

= o  
vXB 
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Figure C-7. Different ia l  Comparator 
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APPENDIX D 

PRINTED CIRCUIT BOARDS 

The deliverable items on the Microminiature Signal Conditioner con- 

t r a c t  include f i v e  power sources and t en  amplifiers.  Each power source 

includes one DC-to-DC converter, one VR34 regulator,  and two VR35 regu- 

l a to r s .  Each amplifier includes cne SCUl Basic Amplifier module, one 

CAP module for frequency compensation, and one SCA42 Drift-Offset Control 

module. A double-sided printed c i r c u i t  board has been designed and fabr i -  

cated t o  interconnect the  above modules. 

metal l izat ion,  and back side metal l izat ion are  shown i n  Figures D-1, D-2, 

and I?-3, respectively.  

conditioning components. 

The assembly drawing, f ront  side 

Figures D-2 and D-3 show the boards with s igna l  

For  contract  delivery,  f i v e  of these boards include the modules used 

i n  the power source. I n  t h i s  application, t h e  amplifier module posi t ions 

a re  l e f t  blank. Both the  converter outputs and the  se r i e s  regulator outputs 

a re  avai lable  at  the pr inted c i r c u i t  card pin connections. A bridge adjust  

potentiometer and associated bridge r e s i s t o r s  are included on the  regulator 

boards. This loads each VR34 regulator with 360 ohms. Also, f o r  contract  

delivery,  t en  of these boards contain amplif ier  modules. I n  t h i s  appli-  

cat ion the  power source module posi t ions a re  l e f t  blank. The printed c i r -  

c u i t  card i s  designed t o  accommodate one of the following three package 

configurations f o r  t he  amplifier. Option A i s  used f o r  t h i s  contract  

de l ivery  t o  expedite t he  assembly and adjust  phase. 

Option A: Three separate packages 
1. scA41 
2. CAP 
3. scA42 
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Option B: Two packages 
1. SCA4l + CAI’ 
2. scAL1.2 

Option C :  One package containing a l l  d ie  

Th i s  pr inted c i r c u i t  card can be used l a t e r  t o  interconnect a complete 

s igna l  conditioning function, an amplif ier  and power source combined. 
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Signal Conditioner, Board No. 1 
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Figure D-2. Front  Side, PC Board 
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APPENDIX E 

NAS9-5293 POWER P R O G R M I l  

Contract NAS9-5293 developed a microminiature 90-channel low-level 

s igna l  conditioning system breadboard which fea tures  programmed power 

conditioning of 5 mi l l ivo l t  f u l l  scale  analog s ignals  and an I R I G  speci- 

f i e d  PAM output. 

and power combined with increased r e l i a b i l i t y  over ex is t ing  conventional 

law-level s igna l  conditioning systems. A comparison i s  made i n  Table I. 

This sytem o f fe r s  s ign i f i can t ly  reduced s ize ,  weight, 

TABLE I. COMPARISON OF CONV€WTIONAL AND MICROMINIATURE 
90-CHANNEL LOW-IXVEL SIGNAL CONDITIONING SYSTEMS 

Conventional Microminiature . Reduction 

Volume 750 in3 < 50 in3 > 93% 

Weight 4.5 l b s  < 2 l b s  > 96% 

Power 183 w a t t s  5 watts > 97% 

Note: The microminiature volume and weight are  estimates since 
system package design and fabr ica t ion  were not included 
i n  t h i s  contract .  
system, including s igna l  conditioners. 

The numbers r e f e r  t o  the  complete 

The system concept i s  made p rac t i ca l  by the  development of the  mono- 

l i t h i c  integrated c i r c u i t ,  low-level de amplifier under contract  NAS9-3410. 

Adjustable evaporated cermet r e s i s t o r s  on ac t ive  s i l i con  substrates,  

d i e l e c t r i c  i so la t ion ,  NPN-PNP t r ans i s to r s ,  MOSFET devices, MOS capacitors,  

and advanced c i r c u i t  design techniques which incorporate these devices 

allow the  system t o  be organized as described. 
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This contract  includes the  developnent and del ivery of a l l  c i r c u i t s ,  

except t h e  s ignal  modifiers, and includes a 12-channel breadboard model 

which demonstrates t he  operation of t he  system. 

The system concept i s  i l l u s t r a t e d  i n  the  block diagram of Figure G1. 

The low-level transducer outputs range from 5 t o  100 mi l l i vo l t s  f u l l  scale. 

A s igna l  modifier converts the output of a transducer i n t o  0 t o  +5 vol t  

f u l l  scale  voltage. It may be dc amplifier,  ac-to-dc converter, resistance- 

to-dc converter, o r  a phase-sensitive demodulator, depending upon the type 

o f  sensor. 

Transducers, such as s t r a i n  gauges, are  sequent ia l ly  energized via 

GTR gated voltage regulators. 

which are located on o r  near the  transducers, v i a  GMR gated voltage regu- 

la tors .  I n  the  sequential  mode of operation, a l l  the  channels a re  gated 

OFF a t  any one time, except t he  channel being monitored. 

technique allows the  system power input t o  be s ign i f i can t ly  decreased. 

Power i s  likewise gated t o  s igna l  modifiers, 

This gating 

Since the maximum system sequencing r a t e  i s  l imited by the  thermal- 

e l e c t r i c a l  s e t t l i n g  time of  the  s igna l  modifiers, provision i s  a l so  made 

t o  gate ON the  modifier and/or transducer power one sample time i n  advance. 

This optional increase i n  the maximum sequencing r a t e  i s  accomplished a t  

the  expense of  increased power input.  

The outputs of  t he  s ignal  modifiers are  multiplexed a t  a 0 t o  +5 vol t  

f u l l  scale l e v e l  and then conditioned in to  an I R I G  specified PAM wavetrain 

by the output c i r cu i t .  

modes, sequential  o r  random access, provides control  signals t o  the  analog 

switches, power switches, and output c i r cu i t .  The power source converts 

a +28 vo l t  unregulated ba t t e ry  voltage in to  four  regulated dc voltages. 

It includes a microminiature pulse width modulated power converter. 

The control  logic,  which operates i n  one of two 
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Some of t he  inherent advantages of the described microminiature 

s igna l  conditioning system are: 

a )  Low-level ( 5  mi l l ivo l t  f u l l  scale)  inputs  a re  conditioned. 

b) Excitation power i s  supplied t o  transducers, such as s t r a i n  
gauges . 

c )  System power input i s  minimized by gat ing s ignal  modifier and 
transducer power. 

d) A signal modifier on each input channel provides f l e x i b i l i t y  i n  
the type of  analog s ignal  t o  be conditioned. 

e )  A s ignal  modifier on each analog input converts a l l  s ignals  t o  a 
high l e v e l  before multiplexing, thereby minimizing analog errors 
normally encountered with long law-level s ignal  l i n e s  and low- 
l e v e l  multiplexers. 

f )  Crosstalk e r ro r s  a re  minimized since a l l  the  channels are  gated 
OFF a t  any one time, except the  channel being monitored. 

g) The maximum speed of the system can be increased by turning on 
each channel power i n  advance t o  t he  sample.time. 
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APPENDIX F 

POWER CONVERTER THERMAL ANALYSIS 

A thermal  analysis was performed on the power converter package. 

Figures F-1 and F-2 show the heat dissipation calculations fox the 

overall  power converter package and the integrated circuit  flat package. 

The analysis which follows is based on the information on the two figures. 

The results a r e  summarized a t  the end. 
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Figure F-2 Flat Package Heat Levels 
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